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Front Covers 


| SUAL circumstances conspired to pre 
oGkESS for the striking cover design 
ive therefore tendered to Edward G 
ty. Co. of Philadelphia for a poor 
se of their courtesy in loaning the art 
is used in black and white by Budd 
iths avo on a handsome. brochurs 
the advantages of ultra light-weight 
on in transport (air, water, rail and 
when properly designed and shot 
stainless steel 
month's cover is a photograph of the 
end of an oxv-acetvlene cutting 
kindly lent by Air Reduction Co. It 
iddition to a series for which many 


| 


ttions have been received, 


Other Types of Art 


T l such good subjects for pleasing and 
front covers are readily available is 
of that artists are finding things in 
facturing worthy of recording on 
maaper and film, and that sales and 
s managers of metal goods are spend- 
money for talent thus creating 
i quality in keeping with the goods 

romoting 
herent quality is really amazing. The 
recently saw some excellent metal 
rious pertods, was left breathless by 
those old workers achieved merely 
rass and bronze. Combinations of 
mand ve llow brass, oxidized bronze 
colors, were seemingly ample for 
ers. How much richer the modern 


illovs and fabrication methods! 


Forthcoming Events 


4 Inpse of this mav be had at the 


ng & Metal Congress in Atlantic 


» 22 ait 


Auditorium (probably 





wdequate credit being given in June 


July. 1937: 
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the largest open floor in the country, if not in 
the world) will be crowded to hold the exhib 
Its. and cve appeal, as evervone knows, is the 
modern trend in exhibitions Phe show, there 
fore, should set a new mark in size, interest and 
variety 

Pechnical, enginecring and cducational pro 
erams will combine to make it a full week. The 
Campbell Memorial Lecture will be given by 
Wesley BP. Svkes \ carburizing symposium, 
stressing practical aspects of the problem, will 
occupy two days. Two lecture series, one on 
openhearth furnace practice and the other on 
metallographic technique will occupy late after 
Hoon hours 

Merat Progress’ October issue will appear 
in a special edition prior to the convention and, 
as In the past, be subdivided into ten units each 
devoted to an important branch of the @ field. 
An innovation will be the inclusion of many 
sheets of reference data. (By the way, did you 
note the index to Volume 31 on pave 660-A of 


last month’s issue’) 


Next Spring 


SERIES of « \positions and congresses held 

on the West Coast, interrupted by the lat 
depression, will be resumed next spring. Su 
cessful Western Metal Shows were held in Los 
Angeles in 1929, and in San Francisco in 1951. 
Next vear, the week of March 21 to 25 will see 
the third of these gatherings, this time repeat 
ing in Los Angeles \ well-designed program 
featuring the regional interests of the rapidly 
srowing and enthusiastic members along the 
Pacific will clarify the metallurgical problems 
of the petroleum, aircraft, chemical and mining 
industries. 

If vou plan vour vacation long enough 
ahead, then would be a good time to spend if 
on a leisurely ship via the Panama Canal. I 
vou are in a hurry, vou can make up for lost 
time by a dash back across country in the new 


high speed trains on the Santa Fe or Burlington, 
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Unrivalled In Hs 
Beauty, Silver Doubtless 


Has Many Commercial Potentialities 





HAVE YOU 


EVER THOUGHT ABOUT SILVER? 


Edi rial Ci mment 


VOST raw materials are tagged (in the mind 
the average person) with the function of 
istanding property or major use For 

irsenic IS a polson, sugar a sweetener, 

vy for cans. Silver means money, on sec- 
ht tableware, and, if the person in ques- 
lucated along those lines, photography and 
nay suggest themselves Until recently 
r additions to this list would actually 
sunted for silver’s usefulness. The prime 
s for monetary purposes, and it seems 

us ran industry accounting for over §100,- 

M) vear to be engaged in digging silver out 
sin the ground and then selling it to others 

Yet the 

itive, the Chinaman and the U.S. Treasury 


other holes and bury it again! 


sponsors for just that situation. 
Freed of these traditional aspects, silver actu- 
es to be an industrial metal with striking 
It stands in middle ground between the 
ind the more common metals and many 
h laboratories are attempting to evaluate it 
4! particular problems. Silver stands 
| in thermal and electrical conductivity 
reflectivity within the visual range; it 
ed by organic acids or strong alkalis: 
tingly malleable and has a low coeflicient 
it resists oxygen even at high tempera- 
the black sulphide tarnish it) readily 
S electrically conducting; it has marked 
and tungicidal properties; many of its 
tochemical rue, metallic silver costs 
t pound, but beryllium, tungsten and 
fo name but a tew alloving materials 


. se, are not cheap 
thy 


‘| he price Is not so 
supply so limited as to exclude its 
se in places where it is eminently fitted 
ed duty 

this current research into uses for this 


al may suggest others to metallurgical 


is article. In bacteriology, both uni- 
irch and commercial exploitation are 
n industrial applications wherever. it 
sterilize a medium or inhibit bacterial 

iking swimming pools safe, in the 

f vinegar and the preservation of 
Its fungicidal properties, in relation to 
nation ot seeds, are being investi- 


tural \ hools 


sineering field the rather remarkable 


effects of replacing copper with silver in= special 
electrical devices such as commutator faces is being 
explored. As an electrical contact material, either 
pure or alloyed, large and rapidly increasing quan 
tities are being used: switch blades, circuit breakers 
and relays are widely equipped with silver alloy 
surfaces. Silver solders are in surprisingly com 
mon use; perhaps someone will devise a solder to 
fill the still large temperature gap between hard and 
soft solders, or one to join the 18-8 type of stainless 
steels at temperatures below the “susceptible” zone 
Cadmium-silver bearings are an old story, and beat 
ings of fine silver are now being experimented with, 
because in addition to a low coefficient of triction 
and high thermal conductivity, silver does not 
readily gall or seize against steel Duplex metal 
and plate silver on either copper or iron- - is 
now available in large sizes and the technique has 
been worked out for welding joints in both faces 
this should facilitate the use of silver-lined appa 


ratus in chemical industry. Silver powder and even 


bimetallic powders add interest to that new branch 
ol technology 

Of the various salts of silver the sulphide has 
remarkable properties. It is a plastic and can be 
melted, cast, rolled, drawn and soldered It is a 
complex electrical conductor with a large tempera 
ture coefficient and certain rectifying properties 
Surely someone can find a use for this strange com 
bination of qualities in the electrical, radio or 
electroplating fields 

Of the silver-rich alloys, the dental amalgams 
have long been of great Importance. Some progress 
is now being made in the hardening of silver by 
small additions of other metals. Non-tarnishing 
silver has also been studied for vears. The earliet 
investigations were almost wholly on the sterling 
grade, whereas now fine silver itself with smal 
additions is under investigation 

In silver-poor allovs the field is limitless and 
many systematic investigations are under way 
Silver helps wrought copper by raising its anneal 
ing temperature; in certain binary alloys it reduces 
brittleness; the whole lead-silver series is remark 
ably corrosion resistant \n extensive series ol 
low silver ternary alloys is being prepared at the 
Bureau of Standards; many of them are quite new 
and may reveal unexpected qualities, useful in 
unexpected places. This whole program should be 


watched by alert @ members 
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By T. W. Greene 
Engineer, Development Section 
The Linde Air Products Co. 

New York City 


KCAUSE the 


depends so largely on the character of its 


utility of a piping system 


connections, welding has alwavs commanded 
wide attention Phis is because welding alone, 
of all constructional methods, makes possibl 


What is for all practical purposes a jotntless 


svstem No other method gives the designer as 
much freedom ino disposing the pipe as_ he 
wishes. Because it is so highly adaptable and 


widely successful in all phases of pipe fabrica 
tion and erection, oxv-acetvlene welding com 
mands particular attention in any discussion of 
advancements which make piping a_ better 
servant of industry. 

Scope of Ptpe Welding lo appreciate 
more fully the significance of the newer devel 
opments and trends in the gas welding of pips 
joints, it is only natural to want to know (1) 
what) piping services are now customarily 
welded, (2) for what pressures and tempera 
tures welded joints are being used, and (3) what 
pipe materials are being satisfactorily welded 

\s to scope, the more important industrial 
and building jobs are today almost invariably 


welded. Steel or iron pipe is customarily used 


WELDED PIPE 
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for the services, which include = steai 
air. oil, gas, refrigeration, air conditior 
process piping. Steam piping in a larg 
of Government buildings in recent \ 
been welded, and the same applic stoa 
of skyscrapers erected in the last 10 4 
Welded heating installations ar 
not limited to the larger buildings. S 
tractors make a specialty of smaller | 
and find it practical to weld all pipe s 
Underground steam mains 
those laid under city streets from ce! 
ing plants — are invariably welded be 
the particular necessity for permanent 
inaccessible place s. Even the valves a 
sion joints are welded directly to tl 
as to reduce maintenance expense t 
lute minimum. Power plant piping 
arily welded, a= significant number 
pressure, high temperature welded ins 
having been made in recent vears (s 
larly the article by R. M. Van Duzer, 
month's Mera Progress). High press 
lines 16 in. in diameter with a wal 
of 1's in. have been satisfactorily w 
New piping installations — in 
refineries and gasoline plants are a 
welded. Due to the nature of the ma 
veved, it Is frequently the practice 
mechanical joints at points wher 
necessary to disconnect piping Pol 


or cleaning 
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vice Pressures 
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and Pipe Materials 
the past ten 


welded joint 


dominated in the 
overland pipe 


as, vasoline, 


This true 


Is 
ras distribution 
iIsine steel pipe. 
iter lines” are 
lv we lded, and 
iron 


er ot cast 


S have been 
re every other 


every two out 


oints have been 
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far as the metals 
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erned, the only lin 
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lit as to temperatures 
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Have 


he pipe itself; 


is readily obtainable with the standard 


rom. kor 


ni 
mnections, fitting 
ist alwavs availa 


1 or thev can be 


sands ol miles ol 


bt anches, 


turns, and 


s of suitable strength 


ble 
fabricated on the job. 


for welding into 


oil and gasoline lines 
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lenance-b ree 


ill nnecessary Weight and Bulk 


Years ol Va 


thre 
up to 12 
tha 

York 
her 
top limit 


tion sizes welded in non 


ol pipe 


materials, brass lines ranging in. Ut 


welded air condi 


buildin 


were bronze in 


New 


thre 


diame tel 


tioning svstem in ai larg 


constructed several vears is no 


to think that 


Galvanized pipe is not as commonly welded 


reason this is 


as plain steel and iron pipe, vet a considerabk 


daily operation at pressures around S800 amount of it has been installed by fusion o1 
v welded hydraulic lines are in service bronze welding without anv evident shortenin 
uo over SOOO psi. pres of the life of the payne 
d there are welded powet Bronze welding has th 
Ing svstems operating al least effect on the gals 
s over 1000) psi. and at HiZzil 
, ry? “ 
tures of SOO to 900° F Piping systems of aut Wall Thiel 
i ( ; , a iwechil SS 
F S t] ' sorts and oO] many metals 
ais tite 1¢ TOs 1] designe! work 
tal should be obt are constantly betng 7 . 
hetal should be obtarnes with high pressure ID 
; welded by the oxy-acety | 1] 
cular service, the vari ing or long pipe lines 
lene process, the prin 
sand non-ferrous allovs ras mn the past had a 
cipal limitations coming 
sively usec . reasonably wide chon 
f special | tal sage eo Ml thie! 
Or specia eTrous metais ; al vine i | LhicKNesses 
taint oul 14 the pipe tself. The neu pi , 
StTaINTCSS Stee nine 0 fo meet his ymarticula 
: , ; ’ bac i, hands d lechnique \ | 
Mittin StTCCT) IS SAatIstac ; reeds ot so, however, 
ted talled | for steel, using multi , 
1 ited and installec \ thre designe! WOrkIl 
dit 1 flame blowptipes, excess 
ding, epending upon with piping to operat 
i. acetylene, and low alloy pi - 
l 0 service, specta : up to YOO on ial 8) Ss! 
filler rods, cuts the time ‘I 
MIS ind procedures may pressure al normal tem 
lo one-third and improves ) | 
rmeratul } is | I 
the quality of the worl. a = less = 
made Of non-ferrous to use standard weight 
} : 
ch as” brass. copper, pipe, the wall thickness 
lead nickel and 
ad, ¢ of which is based on 
ound in special SCTY- requiretne nistor thrrs ia 


Welding would « 
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for making the 


juite naturally be th 


joints. As an indica- 
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ing, even though this thickness might be. 
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welding of pressure piping is expected 
because a great deal of such work ha 
done despite the absence of a safety cox 

Nevertheless the new Code will bi 
siderable help to those who have felt | 
about welding the more hazardous s 
The Code represents a standard of mi 
requirement for materials, dimensions, 
erection, and testing of completed syst 
treats welding in detail and permits its 
all temperatures and pressures to wl 
pipe being used is suited. 

Necessity for checking through the « 
ing information of several dozen t 
articles and manufacturers’ catalogs is 


conducive to the W ide acceptance of a ie 


struction method. Engineers interested 


welding need not do this. A detailed ma 


fabrication and erection has been availab 





for some vears, and just recently a ve! 


Oxy-Acetylene Welds Are Readily Made Over- plete manual on design has been pul 
head With the Same High Quality That With the aid of these the piping desig: 
Characterizes Other Positions of Welding become as well equipped to utilize weldi 


as is the engineer who has kept consta 
touch with current developments. 
Now, however, it seems there is to be some 


measure of relief for such lower” pressure New Speed and Quality in Welding 
svstems. New tentative standards for steel and 





wrought iron pipe, introduced by American Certainly the most important pip 
Standards Association in 19385, allow for !,-in. developments in recent years have b 
wall pipe in the 8, 10 and 12-in. sizes. Although oxy-acetvlene welding methods which emp! 
unsuited for threaded joints, pipe of this weight the excess ace tvlene flame and special ch 
is of course even more readily welded than the hand welding techniques. Metallurgical aspects 
thicker, standard weight pipe. of this revised process have been adequatel 
Compared with the old standard, the weight described in several issues of Mera. P ESS 
saved in the 12-in. size amounts to 33°) > in the most recently by J. H. Critchett in January 1% 
l0-in. size 30°, ; and in the 8-in. size 22°... The These new methods have increased welding 
S-in., 1y-in, wall lap-welded pipe will be suitabl speeds as much as four times over what was 
up to 270-psi. steam service pressure, at tem- formerly possible, and at the same ti 
peratures not exceeding 450° F. Since welded have brought about considerable imp 
joints are of full wall thickness, the overall lift in weld quality. It is puzzling, there! 
of the thinner wall pipe in mildly corrosive know that thev have been used to suc! el 
service should still match, if not exceed, the life tively small extent for industrial piping 
of standard weight pipe at the threaded ends. pared to overland pipe line construct 
Within a vear after the introducti 
Safe Construction Code new methods in 1930, a great majorit 
oxv-acetvlene welded pipe lines unde! s 
When the A.S.M.E. Boiler Code was liberal- tion were employing the new techni ) 
ized some vears ago in respect to fusion welding seven vears later it certainly cannot bi U 
of boilers and pressure vessels, the use of weld- anywhere near one-half of the oxy 
ing in this field soon advanced to a remarkable welding in the building and industria s 
extent. With the adoption in 1935 of the new so done. Probably the biggest factor 
Pentative Code for Pressure Piping, sponsored back its more general adoption is sim] 
by the American Society of Mechanical Engi- both on the part of the operators W 
heers, no such proportional increase in the welding and those for whom they w 
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s relatively easy to learn to weld by the 
thod, although it does, initially, require 
on from an operator thoroughly experi- 

it Operators comme neing to use this 
thod will find the 


d 12-in. sizes much easier to weld than 


;-In. wall pipe in the 
dard weight pipe. Thus the newer pipe 
may prove to be a factor in bringing 
dmittedly better and more economical 
method into increased use. 
fastest welding speeds with the new 
ire made with multi-flame heads which 
the vee ahead of the puddle, thus war 
: narrower vee and less rod and flame 
lation. 
nuch of the overland pipe line construc- 
specially the shorter lines, every weld is 
erhead that is, in position, without 
the pipe. It has been found that opera 
roughly experienced with the new oxv- 
method can make position or over- 
elds almost as rapidly as they can make 
lds, and since there are many advantages 
moving the pipe, this method promises 


er welding costs for many types of lines. 


der J3000-Psi. Pressure Ils Carried by the 
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i-In 
wn Here With Welded Branch Connections. 
ylene welding knows no limit in’ pressure 


[he same holds true in the building and indus 
trial field, when operators are available who ar 
thoroughly experienced in the new method 

A comparison of welding speeds will show 
Interesting economies for industrial piping. In 
welding 6-in. standard pipe, the average opera 
tor will take about 21 min. for a roll weld, using 
the older method After brief training in the 
new technique, he should weld the same joint 
in about 9 min. and if he were trained to usé 
a multi-llame welding tip and did nothing but 
weld 6-in. joints all dav long, he should make 


With things 


working smoothly out on a cross-country pipe 


this same weld in about 6 min 


line, he would be expected to make about 60 of 
these 6-in. welds a dav Corresponding times 
for 10-in. pipe are 41 min. for the conventional 
svstem, 20 min. for the beginner in the new 
technique and 10's min. for well organized field 
Forty 10-in 


per operator in an &-hr. dav in overland pipe 


WOrk. welds would be expected 
line construction 

Admittedly, weld production like this can 
never be hoped for on an industrial job wher 
operators must work in awkward positions and 
where there are many other 
hindrances to a steady flow 
of work. Still, these marks 
made on overland pipe lines 
are something to shoot at 
When oxv-acetvlene welding 
is done as efliciently and as 
rapidly as is now. possible, 
the actual cost of welding 
becomes a really negligibl 
part of the final cost of th 


pipe in place 


Welding in Layers 


Pipe with heavy wall is 
also handled somewhat dif 
ferentlhy with this Hew 
method. Practice had been 
to make the weld in a singl 
pass or laver if at all possibl 
so that it would not be neces 
sary to go around the pipe 
more than once. This worked 
out fairly well with the 
older method, although pips 
thicker than in. Was usu 
ally welded with a modified 
laver technique 


With the newer method 
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it is becoming the practice to put the weld on in blowpipe and replace it by welding as 


two or more layers when the metal is more than to unbolt and then bolt it up again. 
ly in. thick. This does not increase the cost of Important advancements have bee: 
the welding to anv extent, because the greater in welding fittings “welding fittings” 
ease and rapidity of welding in thinner lavers the general term for fittings such = as 
makes up for the greater linear distance of reducers and elbows manufactured es) 
travel. for welding into piping systems. A widk 
Such welds are made in two or more layers, of these are available in steel and iron 
either by going completely around the pipe for for the very large diameters and highest 
each layer or by making the layers in steps. sures. Complicated piping systems cai 
With the step method, the operator welds 3 to their help, be readily assembled by weld 
6 in., goes back and welds the second laver over the field with the assurance that every pa 
the first, and then keeps right on going another have a strength equal to that of the pip: 
G in. past the first weld. He then goes back to Some manufacturers supply welding | 
the end of the completed weld, builds up the made of the various other metals com 


final layer, and so on. 

In any discussion of the newer oxy-acety- 
lene welding method, it should be mentioned 
that it is even easier to do a thorough job at the 
bottom of the vee than formerly, without the 
aid of any liner or sleeve. \ liner or sleeve is 
not needed to keep metal from dripping inside 
the joint. In the construction of oil pipe lines, 
for instance, any metal protruding inside would 
obstruct the passage of the “go-devil” or scraper 
sent through periodically to loosen parattin 
from the walls of the pipe The fact that 
thousands of miles of oil pipe lines have been 
welded with newer oxv-acetvlene method ts 
indication cnough that welds are regularly 
made on oa production basis without fear of 


excessive protrusions, 


Layout and Erection Problems 


In the discussion of underground steam 
lines, it was mentioned that valves and expan 
sion joints were frequently welded directly to 
the pipe in order to eliminate every possible 
mechanical joint. This is good practice in the 
installation of power plant piping generally, 
where the selection of suitable flanges and bolts 
has always been a problem. Actually, it is justi 
fied wherever a valve with a steel body would 
be used, because for every such valve welded 
into a line, a pair of flanges and the necessary 
bolts are eliminated; and in any event. the 
companion flanges would have to be welded 
into the line. 

The compactness and freedom from main- 


tenance possible with this tvpe of construction 





is being recognized by many piping designers Vulti-Flame Welding by the \ 
who are assured by maintenance men that if a lene Method on a 12-In, Cross 
valve ever needs to be removed from the line, The pipe wall thickness was 

it will be just as easy to cut it out with the no more than 12': min 
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| pipe. such as brass, copper, stainless welded piping reaches the highest state of pel 


. id aluminum. fection where the system is designed and laid 
a much greater extent than formerly, out for welding, where unit sections are detailed 
rs of piping systems are laving them and shop fabricated and then erected by welding 
welding, and are not simply substituting in the field just as the structural framework 
for flanges or couplings in conventional for a large building would be shop fabricated 

. There is so much more to be gained and erected. This is an advancement over the 
full advantage of the possibilities of old time cut-and-fit methods of piping instal 
that it is difficult to see why this has lation that is indeed well worthy of careful 
en commoner practice. study by all responsible parties. It will return 
\s has been shown on many important jobs, golden dividends. 
5 





MICROSCOPIC IMPERFECTIONS IN METALLIC CRYSTALS 


By Norman P. Goss discovered that when he reflected a beam of 


Metallurgist, Cold Metal Process Co. X-rays from thre faces of some ¢ rvstals. an unex 


Vammgetowm, Gite pected increase in the integrated \-ray energy 





occurred, This could be explained if we con 
ie BELIEF that single crystals are actually sider the surface of the crystal to consist of 
built of smaller units has long existed. Hatiy small “blocks.” whose faces are slightly dis 
N01 studied the cleavage of crystals and was placed from each other. Calculation showed 
ced that they were built of smaller units. the angular deviation, “block” face to “block” 
is worth mentioning that he was one of the face, to be onlv a few seconds One must 
rsi to conceive that crystals were built. of remember that Darwin thought he was using a 
s. but did not know that thev were perfect crystal, picked by careful selection, only 
rT ed on space lattices, for the microscope to discover it to be imperfect. Such structures 
id \-ray were unknown at that time. (imperfect) are oftentimes referred to. as 
Lhe classical theory of crystal structure was mosaic, lineages, veining, or groups 
gradually developed, and reached its climax As indicated in the abstract of Mr. North 
with Schoenfliess in I891. His theoretical work, cotts paper (Metrat Progress for February, 
purely mathematical in character, showed that page 152), this is of the greatest importance to 
there are only 230 “space groups” and 32 “point metallurgists. These imperfections are not at 
groups” possible. This theory was developed all accidental, but are natural inherent charac 
entirely from external characteristics of crystals teristics, and must be regarded as such he 
is | din nature, Laue suggested in 1912 that theory is now in the state of development, and 
t crystal could be used as a three-dimensional since it is, many different ideas have been held 
latt rating; experimental proof of the theory during the past 15 vears. 
CrOoupS was thus possible. Zwicky's theory was pe rhaps thre first: thre 
e based his idea on the work of the others were more or less inspired by his ideas 
gre neralogist Bravais, who in 1850 had Essentially he considered all crystals to be 
pos d that the atoms in a crystal were mosaic. The “blocks” of the mosaic have the 
on a space lattice with more or less normal lattice dimensions in their interior, but 
as the surface lavers are approached the lattices 
's discovery merged two great sciences spacings contract. Such a crystal (mosaic) was 
the physics of X-rays and crystallog- believed more stable than the ideal crystal 
ra ' matter, into a newer one of even Goetz made a significant discovery when 
gr ssibilities. During this epoch the studving single crystals of bismuth. He found 
\ ilvst assumed crystals to be homo- that the characteristics depended on the degree 
nd free of imperfections, and such an of superheat above the melting point at 
was perfectly valid from a classical believed, therefore, that “before entering the 
ew. solid state in crvstalline form a metal has to go 
er, in the vear 1922 C. G. Darwin through a para-crystalline (Cont. on page 80) 
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By Charles S. Pearce 
Washington, D. C. 


HEN the many and = diverse interests 
Which are engaged in the manufactur 
of anv product meet to consider steps to 
improve that product, it may be assumed that 
such an industry has reached a state of maturity. 
When competitive organizations lay aside theit 
antagonistic thoughts for a few days and join 
in a program of scientific promotion for the 
vood of the industry, that industry has come 
of age This is the principal remembrance of 
a gathering at the University of Hlinois in May, 
When LIS representatives of concerns interested 
in porcelain enamel met for scientific and prac 
tical discussion. this first meeting of the 
Porcelain Enamel Institute Forum was planned 
as a substitute for various enamel training 
schools, short courses and enamelers’ meetings, 
and it outdid all these activities in numbers 
present and in the scope and importance of 
work discussed. 
All manufacturers of enameling sheets were 


In keeping with 


represented at the mecting o 
the technical character of the sessions, these 


companies were represented by their technical 


C OME Ss O F 
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men metallurgists, chemists, and men 
their service staff. Their presence was 
cially welcome to those who are alive 
Nec? SSILN ol oa cood iron or steel found 
What the trade ki . 


“enameling sheet” is really a special st 


for enamel ware. 
in boom times which we are app 
approaching there is a great temptat 
the steel producer to occupy his availab! 
with more easily made tonnage steels 
present reporter believes that the imp 
of the ecnameling industry should be s 
to halt such a trend; dearly won int 

on the manufacture of this) specialty 


not be lightly discarded. 


Requirements of the Base 


Of prime importance to steel mal 
the discussion of the metallurgical 
enameling. This covered not only the 
composition of cast iron and steel s 
the physical properties that are ne 
these two materials for this purpos¢ 

A paper by E. C. Greenstreet of 
Gas Equipment Co. stressed proper ¢ 
fabrication of stove parts as well 
application. lis discussion dwelt 
cause of “hairlines” in enamel and 
means to prevent them. Uneven 
commonly responsible. 

fo avoid this several rules of 4 


mentioned, such as the danger ol 
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v of the metal in the drawing dies. 

‘ stretching produces a very thin metal 

eats locally more rapidly than the bal- 

the piece. Such regions are easily 

the inspector. By the same reasoning 

i thicknesses of metal are to be avoided. 

ind holes which create flue effects 

irnace may also cause uneven heating 

ping. Faulty dies often 

excess metal in the 

f rim-bound pieces, 

“oil can” effect. This 

tal causes the enamel 
and hairline. 

» drawing stock should 

sed where difficulty in 

is encountered. 

mav help in some 

but should not be con- 

1 regular operation. 

vords, pieces should be 

fabricated of proper 


efore an attempt is made to enamel 


iron for enameling was discussed by 

rl, foundry engineer for Sloss-Sheffield 

. d Tron Co. Mr. Carl said that irons of 

irietvy could be enameled if care was 

making the castings. Here again, 

should avoid unequal sections so that 

vill be uniform. Cupola practice must 

ved especially for enameling castings. 

\ r SO", of capacity should be melted and 

js should be used. Scrap should be 

ind no steel allovs used. M. FE. Man- 

(Chicago Vitreous Enamel Product Co. 

d some of the blistering in enameling 

elted with a low coke bed. He empha- 
necessity of proper sizing of coke. 

requirements of porcelain enamel for 

ral purposes were brought up_ by 

illup of Enamel Products Co.. who 

specially the design and fabrication of 

this purpose. He gave a few good sug- 


of which the steel man should be 
they show the limitations of sheet iron 
se. Areas should be kept as small as 
rete rably not over 21x 56 in. Good 
d accurate dimensions are essential, 
erations are almost impossible. Wavy 
one of the principal criticisms of 
il enamel. This brings in Mr. Gal- 
important suggestion “Use the 
of sheet.” Too many attempts have 


fo economize on metal. Steel manu- 
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facturers will do well to assist in the develop 
ment of the most economical gages for various 
shapes and sizes. 

Fr. L. Michael of General Electric Co., in 
presenting data on the construction of a one 
piece refrigerator cabinet, showed that this 
development was dependent on the use of steel 
that would not sag or warp at enameling tem 

peratures. He recommended the uss 


of standard tests for the sagging of 
sheet steels, such tests to be applied to 
every shipment of metal. These tests 
would eliminate unsatisfactory stock 
at the source. 

Pickling of steel shapes, especially 
with relation to the manufacture ot 
kitchen ware, was discussed by B,. 1 
Sweelv of Chicago Vitreous Enamel 
Product Co. This subject has been 
the source of much argument, but only 
a limited amount of actual research 
It should be considered by the steel 
maker, as it is as much his problem as_ the 
enameler’s. In the manufacture of gray kitchen 
ware a phenomenon called mottling occurs du 
to the rusting of the tron This factor was dis 
cussed by E. C. Dexheimer of National Stamping 
& Enameling Co. To properly produce such 
ware, the drying of the dipped shape must b 
kept under close control, and humidity in_ the 


oven must be properly regulated. 


Requirements of the Enamel 


In the field of enamel requirements, a 
paper by W.N. Harrison of the National Bureau 
of Standards presented tentative standard tests 
for acid resistance. These tests are urgently 
needed as a basis for purchase specifications; 
they will do much to eliminate the phrase “the 
juice of a normally ripe lemon” from tests 
which are now used by purchasing agents of 
the Government as well as private industry. Mr 
Harrison’s proposals cover precise technical 
tests for acid resistance and set up five classi 
fications of enamels under these tests.  Thes 
tentative standards have been published by the 
Porcelain Enamel Institute (Chicago), and are 
available to all interested parties. 

G. H. MelIntyre of Ferro Enamel Corp. gave 
a thorough analysis of the various tests for 
durability of enamels applied to hollow ware 
Metallurgists should note the results of a more 
intensive study of this field, as the use of iron 


as a base for kitchen ware has suffered severe 











setbacks in recent vears. Proper gages of metal properly spraved work. He emphasiz 


will do much to remedy this situation. necessity of continuously training men 

Various phases of plant operation were dis- duce better work. He also recognized thy 
cussed by foremen and supervisors. <As_ this of fatigue in affecting the proper operati 
was a technical meeting it was fitting that plant spray gun. 


operating men should have a large part in the 
program. Papers were therefore presented by One-Cover Coat Ware 


men representing five of the largest producers 





in the country, but curiously enough, three Herman L. Cook of the Norge D 
were refrigerator and = stove manufacturers. Borg-Warner Corp., reported on his st! 
Some of these points had to do with the milling the production of one-cover coat ware S 
of enamels and as such are somewhat aside marizing replies to a questionnaire on this s 
from the field of Mera Progress ject, addressed to various operating n 
Hlowever., W. H. Pfeiffer of Frigidaire find that the saving in cost of the addit 
Corp. proposed many improvements in-plant coat of enamel is forcing this process 
operation in his talk on “Enamel Shop House industry, and in many places which a 
keeping.” The principal suggestion was air ready for it. Quality usually must c 


conditioning with enough clean air supplied at favorably with work produced in twe 


a positive pressure, This would absolutely coats, and only under the most favorabl 


eliminate defects due to the deposition of out- ditions is this possible. Design of parts 


side dust on the ware. adhere to the very best standards and 


cleaning must be nearly perfect (either 

Danger From Metallic Dust flashing or cvanide pickling is recommend 
This process cannot possibly be successful 
Floating dust and metal particles create the enameling iron is free from many 

problems of much concern to all enamelers. defects that would be acceptable where t 

Metallic dusts will float for long distances and work is done. Re-boiling of ground coat 


Will almost invariably cause trouble, usually faulty metal or to bad cleaning may det 


in the nature of that elusive enamel defect process completely. 
known as “black specks” (although metal dust In general, the successful applic 
may produce a definite blister). Humidity con enamels in one-cover coat waits on | 
trol is important, especially as it) determines provements: A super-opaque enamel 
the rusting of iron shapes. Acid fumes from workability and an enameling iron fi 
adjacent operations such as chromium plating such defects as re-boiling, tendency t | 
mav also be objectionable, as they contaminate head, and excessive warping. 
the iron and etch the enamels. They must be “Enamel Shop Production Problet 
studied from a metallurgical standpoint as well the title of a paper by Jay B. Simons of \' 
as from the hygienic. Various methods of com- house Electric & Mfg. Co. Mr. Simons as 
pelling or encouraging personal cleanliness of sound welds, both gas and spot, and cl 
shop operators and laboratory technicians were before starting the enameling pro 
also mentioned. especially stressed the necessity of 
“Factors Affecting the Efficiency of Spravy- cleaning the metal before welding so t! 
ing Operations” was the title of a discussion by welds would result. Pickling by vat 
Wesley G. Martin of A. O. Smith Corp. Espe- tinuous processes was discussed. Pr 
cially interesting were the measures introduced dling equipment is essential. Fac! 
to prevent operators from breathing enamel color matching parts must be provided. 5 
dust. Efficient spray booths prove to be much ules of parts must be kept in bal 
more desirable than the use of respirators or rework should be cleaned up hourly. 
masks. Where some type of face protection 
and breathing apparatus is necessary the mask Radiant Tube Furnaces 
with a supply of washed air at positive pres- 
sure is the preferred tvpe New developments in furnaces 
The most encouraging part of Mr. Martin's sented in a report by F. S. Markert o! 
paper was his recognition of the part that selec- Enamel Corp. The small continuo 
tion and training play in the production of with a capacity equal to approximat 
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s is the most outstanding development 

in the past few vears. No othe 
ments along general lines were men 
but there Is a tendency to design th 


roduction units to handle larger pieces 


introduction of — the radiant tubs 

if heating Is the latest development in 
mav well revolutionize fuel fired 

. \ furnace heated in this wav was 
d on pag 393 of the April iIssuc, 
ockESS. Radiant tubes are made of 

vely cheap allovs which will) with 

peratures up to 20007 PF. Standard 

romium-iron allovs are used and very 


ires have been noted 


compares most favorably with the 





would spend $53,000 this 


work 


tr 


tha 


This amount for 


for techni 
clation 
Vhis 
of rule-of 
chame! 


application 


ter hoi al proble 1s 


thoughts of 


metallurgical engineer, to thr 


| 


{ 


ol 


t employs 


mecting 


thumb 


industry, 


LING 


thre 


ol 


will 


tha 


CONSULS 


collective 


bye 


approrxim 


al advancement b 


a relatively 


Still 


itely Lt), 


WM) on 


i 





vear for developme! 


mau 


s 


; 


CNM naiure S 


Voanyv trad isso 
marks the end of the period 
methods ino the porcelai 
and the beginnin of th 

scientific thought to 

As this industry matures 
found for the tdeas and 
ceramist, the chemist and th 
ultimate advan 


pulotic 


eel 
th 
(.0 


thod of heat transfet Enameled Ware Includes Not Only Stoves and Sanittart 

uly been extensively Equipment, Utenstls and High Class Cabinets of Sl 
heat treating fu Veltal, But Also Can Run to Very Large Pots fot 

d has been described Process Industries. Photo courtesy The Pfaudletr 


in these columns. 


particularly adaptable 


nel manufacture due 
ethod of firing under 
pressure \lmost 
combustion is 


secured and combus- 


dducts cannot enter 


meling chamber 


of radiant tubes, 


IN¢ 


iffording a new use 

allovs, may also 
idical changes in 
nd insulation of fur- 
provide the volume 
ecessaryv to secure 
me-back” with cold 
In the discussion it 


d that. theoretically, 


could be 


Soto YO Tt 


though practical 
ns called for much 
bes. Heat transfer 


equivalent to that 
il ribbons and can 


on about the same 


to 


; 


i¢ iS estimated 


four vears, 


vere othe sub- 


i non-technical 


discussed a 


litanium Alloy 
ind chairman. of 
te's) Educational 
d that the Bureau 




































ARC WELDING 


IN PIPE LINE 


CONSTRUCTION 


Alton F. Davis, 


Vice-President 
The Lincoln Electric 


Cleveland, Ohio 


By 


Co. 


HE MOST MODERN development in con- 

struction of pipe lines for overland trans- 
portation of crude oil is the use of plain butt 
joints (without inside backing-up ring) on pipe 
with straight ends. This joint, replacing the 
double bell joint made with a backing-up ring, 
is the simplest possible tvpe for pipe line con- 
struction, and is now used almost exclusively in 
the are welding of oil pipe lines. 

The pipe ends (which have been bevelled 
usually to about 30°), are lined up with a space 
tack-welded 
These tack welds are usually between 
of 
them are used per joint, depending on the size 
of the pipe. 


-in. electrodes. 


of about in. between them and 


together. 
one and two inches long and two or three 


is done with !4-in. or 


of the 
in. thick 


Packing 
Final 


If the wall is . 


welding joint 
to 


range covering most of this type of construction 


then begins. a 


this is done in three beads, or passes, as the 
pipe is turned, cach bead being cleaned before 
Che 


bead, seals the bottom of the vee 


application of the next. first, or stringer 
and is made 
The size electrode used 
the the 


stringer bead and builds to the outer surface of 


with in. electrodes, 


for second bead (which bottoms on 


the pipe along one edge of the vee) is '4-in. or 
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-in. depending on the pipe size. 


which matches the second bead along thy 


edge of the 


Speeds for welding plain butt joints 


out backing-up ring on various sizes 


most wide 


6-in. pipe, 5 welds per hr.; 8-in. pipe, | 
per hr.; 10-in. pipe, 4 welds per hr.; 


31, 
using 


' a) 
ring 


the rate of 30 and 26 joints respectively p: 


per 9-hr. 


plain 


, wee 


ly 


welds per hr. 
butt 


have been welded with the elect 


day. 


used 


joints 


Speeds given above 


fo) 


7 


servative and apply to welding under 


favorable 
that they 


Savings in construction costs thro 
butt 


backing-up rings, 


use of pl: 


have 


been 


joints, 


are large. 


exceeded 


The 


arc-welded 


of joint (the double bell with backing 


conditions, as is indicated by 


forn 


was more costly for two principal reas 


the first place 
costing approximately 
In the second place, backing-up rings 
Since 


to 35e¢ eae 


a 


$1.50 | 


10-ft. le 


all pipe ends had to ! 


cer 


‘neth of 


sized pipe weighs about half a ton, 


of such a 


above the welding cost. 


joint 


Wwas 


S1.00) to 


s] 10) 


This expense 


nated when plain butt joints are used 


belling nor backing-up rings are need 


In the 


construction 


of 


vas 


| 


pipe 


larger diameter, however, the type ol 


is the plain butt joint with a 


backing 


This joint is permissible since the | 


ring inside the pipe, being of minot 
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Tr 


ithe 


<-in. rods are used for the third, or finis! 


(i 


Tal) 


oil lines are as 
12-1 

Larger SIZES 14 ai 
without back 





CONTINUALLY ADVANCES 














ed with the large pipe, offers small 
ce to the flow of gas. This type of joint 
narily welded in two bye ads, the first a 
bead, the second the finish bead. The 
id which seals the bottom of the vee is 
with 1, or -in. electrodes; the second 
or ~71h. electrodes completes the 
Such joints are welded on the “firing 
approximately the following speeds 
ire based on average speeds obtained in 
sv a large number of lines): 16-in. pipe, 
lds per hr.; 18-in. pipe, 2.6 welds per hr.; 
9 pipe, 2.3 welds per hr.; 241-in. pipe, 1.6 


s per hr 


Standard Pipe Line Procedure 


Vipe for oil or gas lines is lined up in sec- 
fhe number of pipe lengths in each 
varies according to the length and 

ter of the pipe and the nature of the 
lhe sections are lined up on rollers 
they can be turned beneath the are when 

v the joints, several of which are made 
taneously. This part of the work is known 
firing line. After a section is completely 

d in this manner it is placed over the 

h Gf not already there) and welded into 
viously completed portion. Since it is 

ssible to turn the section when welding 

the lines, it Is necessary to make a joint 

d the pipe in a fixed position, This opera- 


s known as “bell-hole welding.” 


ollowing bell-hole welding, a portion of 
is placed in the ditch, usually about 
neths, and the ditch backfilled to hold 





slack, leaving three joints out of the ditch on 
skids. The part on skids is usually left until 
sometime before dawn, when contraction is 
maximum, at which time the supports are 
pulled aside, the pipe crowded into the ditch 
and covered This procedure prevents exces 
sive contraction of the line after the ditch is 
backfilled. 

In making river crossings the pipe is 
welded up in a section long enough to span 
from bank to bank. Such a_=esection might 
When 


the section is completely welded and the ditch 


measure as much as 500 ft. in length 


in the river bottom dvnamited, dredged or dug 
by jetting (in the case of quicksand) to a mani 
mum depth of & ft. below bottom at mean low 
water level, the section is attached by cables to 
tractors on the opposite bank and pulled (and 
pushed by another tractor on the first bank) 
onto pontoons from which the section ts guided 
to the bottom by stakes. 

fo hold the empty pipe in place beneath 
the bottom of a river, special river clamps are 
used. These clamps or anchors are 4 to 10 ft 
long, weigh 1000 to 3000 Ib. each and are bolted 
to the pipe and buried beneath the river bottom. 
sSetween six and nine clamps are employed on 
average 2OO0-ft. crossings: the actual number 
depends on river currents and other local con 
ditions. sell-hole welds tie the river section 
into the line at either side of the rivet 

Many hundred such river crossings hav 
been made; some of them have been called 
upon to withstand tremendous stresses during 
wash-outs and floods. It is a tribute to thi 


quality of steel in pipe and the welds therein 


Syphon to Carry Water Across a Shallow Valley Was Made of Bent Plate, Bull Welded 


Shop to Convenient Lengths and Assembled in Field 





that the pipe acts as a beam, requiring supports no closer than at 50-f{t. intervals 


Strength of joints ts sufficient 


7 
: 





that failures in such floods have been extremely 
rare, and then only when the devastation has 
been widespread and complet 

As it is essential that pipe joints be pressure 
light, have strength and ductility at least equal 
to the pipe metal, and also possess high resist 
ance to corrosion and be made at highest 
speed, the shielded ar 


possible process ol 


metallic-are welding is) generally emploved. 
Welds made by this process with “Fleetweld” 
electrodes possess a tensile strength of 65,000 
lo 75,000 psi., ductility of 20 to 50°, clongation 
in 2 in., density of 7.81 to 7.86 2. per ce. fatigu 


resistance of 28.000 to 32.000 psi., and corrosion 


resistance greater than common steel pipe itself. 


Arc-Welded Water and Steam Lines 


Water lines of arc-welded field construc- 
tion have proven highly successful. As in oil 
and gas lines, the joints insure a permanently 
tight, leakproof line with strength greater than 
the pipe itself. 

Phe type of joints in water lines depends 
upon the size and wall thickness of the pipe 
and the pressure of the line. In several lines 
of 36-in. to O6-in. pipe, the “stab” or bell and 


spigot type has been used. On lines of larger 


“ 


sizes the joint is welded both inside and out. 


On one line 80 to 90 inches in diameter, a plain 
butt joint was used with a butt strap over the 
outside. This results in a bell and spigot 
reinforcement without the great expense of 
forming an expanded end on pipe of such large 
diameter. 

Pipe for water syphons and conduits is 
usually of such size that roll welding is imprac- 
tical, so the joints are welded in a fixed posi- 
tion, as described previously for bell-hole weld- 
ing of oil and gas lines. The procedure also 
varies from that of oil and gas lines in that each 
pipe length is generally welded directly into the 
line instead of several being joined into sections 
and then connected into the line. 

In the recent construction of a low-head 
syphon built of I11l-in. diameter pipe, shown 
in the photo on page 47, a butt joint without 
bevel was used in the shop fabrication. The 
edges of the properly bent plates were butted 
tovether, tack welded, and the inside of all 
seams welded manually. This manually depos- 
ited weld metal then served as backing for the 
outside weld, which was made automatically by 
the shielded carbon-are process. To make the 


automatic weld, the pipe was mounted = on 


driven rollers, set to rotate the pipe at a 
of 1.52 ft. per min. 

As an example of the economy of usi 
welded steel pipe in water line construct 
new supply line was recently comp! 
savings between 25 and 30°, over conve 
concrete construction. 

Use of arc welding in erection of ind 
and municipal distribution systems in 
steadily. Many hundreds of miles of su 
ing svstems, fabricated in shop and field 
been erected in office buildings, hos 


schools, industrial plants, power hous: 


Size ls no Limitation to Pipe Welding. M 
mies beside thts giant steel manifold wl 
water into one of the pumping stations 
aqueduct between Boulder Dam and Li 
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High pressure, high 
rature steam lines 
s at 720 F. and 
have been completely 
d bv the electric are. 
simplifies the work 
minating — the many 
al fittings otherwise 
dl It also greatly 
fies piping design. 
rivantages, plus thre 
it the new method 
des permanently tight 
tions of high strength 
ridity, while reducing 
nee to flow by elimi- 
projections inside the a 


ind lowering the cost 


Bat 


os oe 
he 


kk 


sulation these advan- View in Welding Shop Showing a Number of Units for Underground Sys 
fem Fabricated to Dimensioned Drawings by Arc Weldina. 


rey 


s of electric welding are 

rapidly extending the use of “streamlined” joints with the flanged nnections on seve 
process in this field. 

Many typical examples could be cited. One entirely new systems of are control by which 

he best is a miscellaneous set of manifold both are heat and are penetration may le 

nblies for an underground steam distribu- adjusted in a continuous sequence of fin 

system. The economies of are-welded increments, This advanced feature makes thr 

shop fabricated to dimensioned draw- are welder simpler and easier to operate than 

re obvious. To reduce them to figures the ever. The operator can obtain exactly the right 

ny costs have been assembled. Under arc to insure the highest degree of uniformity 

“Welded” the cost includes all labor, supplies of performance, Also available is the improved 

d power for bevelling two pipe ends and device known as “Lincontrol” which permits 

ding a butt joint. Under “Coupled” the cost the operator to regulate current af the work, 

ides the coupling, the cutting and threading regardless of his distance from the machine 

pipe ends and the assembling. Under Current can be raised or lowered merely by 

“Flanged” the cost includes two 125-Ib. standard tapping the electrode on the work. The modern 

mpression flanges of cast iron, a gasket and welding machine is also supplied equipped with 

bolts, and the labor of cutting and thread- a special time delay idling device which, by 

») pipe ends and assembling the joints. slowing down the engine approximately 30 se« 

after the are is broken, saves up to 8 of the 


Comparative Cost of Joints 
fuel consumption of the gasoline engine Phe 


Siz WELDED COUPLED FLANGED 
20.80 time-delay feature also assures maximum weld 
ing speed by giving time enough (350 sec.) to 
9: put in a new electrode without affecting the 

2.39 2a welding current 
_— Due to the quality of the results obtained 
unting for the steadily increasing use by electric welding and because of the sim 
welding in the construction of oil, gas plicity and economy it affords in pipe line and 
er lines and erection of industrial pip- piping construction, use of the process in these 
ns, Is the constant improvement, by fields is bound to increase This is assured not 
irers, of welding machines and equip- only by the inherent simplicity and economy of 
e modern portable are welder for pips the process but also by the constant research 
ther use is as far ahead of its prede- and development on the part of are weldin 
performance and economy as it is in manufacturers to improve their products and 
thus still further increase thre rdivantages 


modern machines are equipped with available 
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NEW COPPER ALLOYS, AGE HARDENED, 


HAVE HIGH 


CONDUCTIVITY 


coupled with maximum conductivity are 


By T. 8. Fuller 


Research I aboratory 
General Electric Co. 


Schenectady, N. Y. 


obtained when the alloy is quenched from 900 
C. (1650° F.) and reheated at 500° C. (935° F.). 
So treated, the following phvsical properties 
have been obtained: 


CAST AND FORGED AND 


Hear Treareo Hear TREATED 


rensile strength, psi. 0.000 100.000 
Proportional limit, psi. 15,000 15,000 
Elongation, ‘ 10 20) 
WO ALLOYS of coppe r containing beryllium Reduction of area, 20) 24 
have re cently been de veloped by R. H. Har- Brinell hardness --) <<") 
rinoto . P ncnarre , - . oe — -— 
ington of the Research Laboratory, General Once precipitation hardened, the alloy may 
Electric Co., and have been described by him in he reheated to about 500° C. (935° F.) without 
he literature. Both alloys show unusually high affecting the room temperature properties. Cold 
the! ‘ tlaetiric:s . oftaritia . . . : 
nermal and electrical conductivities coupled rolling to four numbers hard between the quench 


vith excellent physical properties. Both are of and the draw results in a small increase in ten 


e precipitation hardening type in which the sile strength to a value of about 110,000 psi. Th 
sual properties are developed by a quench- 


+} 


| hardness and toughness of this allov in the heat 
ng and aging treatment, or a modification of the treated state prevent any practical attempts to 


ging treatment coupled with cold work. cold work the heat treated allov. The allov ts 


lhe fir ‘ ; ‘ . a} 7 . 
lirst alloy is made to contain 97‘< cop- easily worked hot, before heat treatment, or cold 


+ cobalt and OA‘ beryllium, the cobalt worked between quench and draw Modulus of 


hd beryllium being present in the ratio of one elasticity at room temperature is 17,000,000 psi 
of cobalt to one atom = of bervilium. in tension and 7.190.000 in torsion The latter 
Samples of this alloy cut from a 1-in. round cast figure drops slightly to 6,960,000 at 4000 ©. (750 
( show a Brinell hardness in the cast condi- F.) These torsional modulus of elasticity values 
80), but When quenched in water from indicate an unusual maintenance of spring 

_ (160° F.) and subsequently reheated properties at temperatures up to 400° ¢ 


hour at 5 . (Q8h° FP ae 
our at o00" C. (985° F.) show a Brinell The effect of temperature on the tensil 


ss of 99) T > seofernses . Azers 
1220. The electrical conductivity of properties of cast bars, quenched and reheated, 


in the as-cast condition is 26°, that t= as follows: 
, When (jue nehed from 900° C. in Vr 20° 1 350°C 475 
is 20°. that of copper, and when subse- Fensile strenath one 62.000 yer 
reheated to 500° C. it is 45° that of Elongation 10) { { 
Reduction of area 20) { Y 
es of experiments carefully performed The second copper alloy of the pair men 
that maximum physical properties tioned at the outset contains chromium instead 
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of cobalt. The type analysis is 99.5 copper, 
4 chromium and 0.1 bervilium Avain the 
chromium and = bervilium are present in- th 
ratio of one atom of chromium to one atom of 
bervilium, since experiments indicate that noth 
ing is to be gained by adding chromium inp 
excess of this amount. Samples cut from = 1-in. 
round cast rods showed a= Brinell hardness 
in the cast condition of 66. After quenching in 
water from 925 ©. (1700) EF.) and aging for 
one hour at 5005 ©. (935° BF.) the Brinell hard 
ness became SO and the electrical conductivits 


of specimens so treated was 73 


that of copper. 
Phe physical properties of heat treated cast 


rods oft this alloy follow ; 


Fensile strength 30,000 to 35,000 psi 
Proportional limit 15,000 to 16,000 psi 
| longation 10 to 15 


S0 Brinell 


72 to 7o 


Hardness 


Electrical conductivity 


By quenching 1'y-in. diameter cast rods 


after having been heated one hour at 900° ¢ 
followed by cold working to 1-in. diameter and 
subsequently heating for one hour at S00- ¢ 
(95 b.), Brinell to 108. 


Physical properties of material so treated are: 


hardness was raised 


Fensile strength 16,200 psi. 


27 000 psi. 


Al) 
73 


Proportional limit 


klongation in in. 


Electrical conductivity 
The properties of a specimen prepared by 
first casting in a mold 1', in. in diameter, fol- 


lowed by both the solution and = precipitation 


hardening treatments, and subsequently cold 
swaging to I-in. diameter, showed a_ tensile 
strength of 19.1000 psi... proportional limit) of 


50,200 psi., with 12°, elongation in 2 in., hard- 
ness of 125 Brinell and an electrical conductivity 
67°, that of copper. 
Phe 


allovs naturally depend upon the coexistence 


industrial applications of these two 
of high physical properties coupled with unusu- 
ally high electrical and thermal conductivities. 
Phe cobalt alloy under the trade name Trodaloy 
No. 1, 


When made into soldering tips and used 


at temperatures below 500° C., shows three to 
ten times the life of ordinary soldering coppers. 
frodaloy No. 1 is used for electrodes in the 
resistance welding of stainless steel, and also 


for springs and for current-carrving shafts and 
ol abilitv. to 


moderately clevated temperatures, 


bushings Because its retain its 


al 


it is also « mploved as electrode holders used in 


strength 


The chromium alloy, under the 
No. 7, 


for clectrodes for resistances 


are welding 


trade name Trodaloy is used principally 


welding of steel. 
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FLUXES FOR SOFT SOLDER 


> 


»\ 


J. W. Winttstrrop, 


Absts icted ft 


Aircraft 


r 


) 


ii 


Y (Adva 


A. J. Sipery 


Ins 


( 
( 


Establishment 


titute of 


Opy } 


\PERIMENTS were conducted at the 


to evolve 


which would be free from the corrosive 


of the 


out hydrochloric acid) 


improve 


COrrosion 


the « 


bronze. 


were 


A 


nu 
of 


large 


tried; 


asec 


ot 


mber 


them 


joining 


and 


of 


dibasic 


resisting steels, zinc and 


the 


Met 


common zine chloride flux (with o: 


at sani 
such met 

alun 

chemical comp 


ammonium 


phate was found to be the only one of p 


value. 


steel after the soldering-bit 


In this 


Case 


it 


Was ¢ 


had 


ybsery ed 


been 


and H.S 


| 


th il 


solder began to unite with the high chro: 





\ 


long enough to heat the ammonium phosp! 


above its temperature of decomposition 


concluded that the necessary fluxing actio 


due to the principal product of decomposil 


As 


meta-phosphoric acid. 


meta-phosphoric 


acid 


at 


IS, 


ore 


temperatures, a hygroscopic solid and the 


not convenient to use in practice, it was d 


to try ortho-phosphoric acid, which, in | 


mercial 


form, 


IS a 


somewhat 


having a purity of about 89°. 





successfully 


anh 


tionable. 
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in 


ease of “tinning” 


While salt 


It 


phosphoric acid 


several 


spray 


with 


Common 


and 


volatile 


» tin-lead antimony. 


ot 


purposes the danger of 


was considered t 


superior to ammonium phosphate 


; 
S 


syrupy 
Joints wer 


analy 


stainless steels, using a 65:35 tin-lead 
0 247.9 22. 
and soldering commo 
and non-ferrous alloys appeared to be ¢ 


superior than when using zine-chlorid 


her tests s 


that we were progressing in the right ¢ 


phosphoric acid dissolves many metals, 


residue 


acid in soldered articles would likely |! 


hat bv co 


base 


than ammonia the resulting phosphat 


as 


soft soldering operations vet not posse: 
possible objections to phosphoric acl 
number of organic nitrogen compounds 
the most satisfactory results were obt: 
the phosphates of aniline and toluidi 


considerations of cost aniline is to be 


The three possible phosphates 


if 


» 


ntlinue 


ad 


( 


i 


, 


pade 


ib 


es 


‘ 
; 


Likewise, 











SPOT AND SEAM 


OF ALUMINUM 


ALLOY SHEET 


By D. 1. Bohn 


Aluminum Co. of America 


Pittsburgh 


T Ik several tvpes of resistance welding are 
lav coming into quite general use in fabri- 
tluminum and aluminum alloy products. 

costs, improved appearance, and a supe- 
combine to make these 


structural result 


‘ 


ds very attractive for many types of 


tured commodities. This growth of the 
s methods for resistance welding has been 

dependent on the development of suit- 
juipment since, in the large majority of 


machinery that is emploved for the 
ce welding of steel is wholly or partially 
factory for aluminum. 
nsive development work has therefore 
rried on during the past few vears by 
fabricators of aluminum alloys and the 


The 


control equipment has likewise been 


turers of welding machinery. 


to a high state of perfection by the 


manufacturers. As a_ result, the 
n alloys are normally welded by resist- 
production basis as quickly and easily 
her metals. 
irious aluminum alloys can be resist- 
led in any combination, although some- 
Terent 


with the 


machine adjustments are 


different analyses, These 


WELDING 
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Fabricated 
float and Easily Handled 


in Aluminum Alloy Canoe, 
Welding, Is Sturdy When 


alice 


variations are normally insuflicient to make 


much of anv difference in the selection of suit 
able equipment. 

The same general principles apply to spot 
and to seam welding. The spot welding process 
for aluminum involves 


] Suitable electrode design and materials 


2 { rapid and practical means of applying 
pressure on the work at the electrodes 

3. A suitable surface condition of the mat 
rials being joined 

$4. The passage of a suitable electrical current 
of the proper value and time 

>» A machine design coordinating all these 


that the automatic and 


relatively fast 


features so operation 1s 


\/most Entirely by Rest: 
sho 








Welding Machines With Pneumatic Clamping 
Devices, Such as Illustrated Above, Require Auto- 
matte Timing of Pressure and Electrical Sequences 


Hardness and high conductivity are the two 
attributes which make the most. satisfactory 
Suitable heat treated cop 


vr allovs are available which are considerably 
; 


electrode material. 


harder than hard drawn copper and have a con- 
ductivity of about SO of standard copper. It 
is essential that these electrodes be kept cool by 
means of internal water cooling close to the 
welding surface. 

Various electrode noses may be emploved 
and either a conical contour or a rounded con 
tour is satisfactory, 

bv making the electrodes quickly remov- 
able, it is not necessary to dress them up with a 
file, this being highly undesirable since a uni 
form contour cannot be maintained in_ this 
manner. Usually a number of machined elec- 
trodes are kept on hand for a day’s production 
run, these being quickly refaced in the tool room 
ina small lathe, 

Almost anv mechanism to bring the elec- 


trodes together under pressure is satisfactory if 
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properly designed. An air cylinder pri 





provides the most convenient method, 






reducer valve 





permits the pressure 





adjusted quickly and to be maintained 






rately for successive spot welds. Howey: 






mechanism involving the moving parts s 





be designed to reduce the hammer blow 





pressure is applied. This is particularly 
















































when some of the softer aluminum alloy 
being welded, as a severe hammer blow 
cause a large initial contact area, makin, tis 
factory welds almost impossible. 

Aluminum alloys are of considerably 
conductivity than the ferrous alloys. Cons 
quently a machine for aluminum, to fu 
properly, must be so designed electricallh 


a sufficient welding current is availabk 


Electrical Characteristics 


Phe question is often raised in regard | 
proper voltage at the secondary of the w 
transformer, but this again is wholly a pro! 
in machine design. Of itself, the second 
voltage has nothing whatsoever to do wit 
weld except that for a given design of ma 
a certain secondary voltage will be requir 
provide the necessary current. 

To illustrate this more clearly, let us 
sider two machines, both of which will s 
a maximum welding current of 25,000 am 
One of these machines has a very short 
and small vertical distance between arms 
viding a low impedance circuit for the se« 
current. Such a machine might require a 
circuit secondary voltage of only 5 volts | 
25,000 amperes around its circuit. A 
machine may be of relatively long thr 
vreater vertical distance between arms 
impedance of this machine will be muc! 
and may require an open-circuit second 
age of, let us sav, lo volts. 

In so far as the welding capabil 
these two machines are equivalent, as 
them will supply any desired welding 
up to 25,000 amperes. The first mach 
ever is far more economical to operat 
will require a maximum input of on! 
125 kva.. whereas the second mac! 
require three times this amount. 

Similarly, a portable machine wit 
feet of secondary leads may requir 
Greater open-circuit voltage and a cons 
vreater power input (kva.) to do the sa 


Timing equipments, to switch the 
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may be classified as synchronous and 
hronous. Synchronous control, usually 
electronic type, may be adjusted so that 
er is applied at such a point with respect 
voltage wave that) unsymmetrical 
ts do not occur during the first few half- 
is compared with those which subse- 
take place The use of such a control 
ible where welds of the highest quality 
essary, and equipment of this type is 
mploved with the heat treated alloys 


the best structural result. 





Is passed between the electrodes These schemes 
are many in number and are a safeguard against 
improper operation. 

Most of the heat treated allovs of aluminum 
and some of those requiring no heat treatment 
require that the surfaces contacting the ele« 
trodes be cleaned, either abrasivelvy or mechan 
ically, in order to insure no undue local heating 
on the outer surfaces of the material, In some 
cases, both internal and external surfaces are 
so cleaned 


For successful welding the current must be 





Spot Welding of Aluminum Cooking Utensils 
Kettle) ivi Production 


(in This Case a Tea 


synchronous control, usually involving 
lectronic or mechanical timer operating 


r.is in quite widespread use for fabri- 


requiring the most consistent results, 


f such equipment is largely emploved 
se allovs of aluminum that do not 
ecise heat treatments to develop their 
roperties 

ertain types of machines, particularly 
ning their pressure from a pneumatic 


SOT device for controlling the 


! operations is necessary so that the 
judgment is not required to insure 


essure ts fully applied before current 
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easily adjustable This mav be done either by 
tapped switches on the welding transformer o1 
by means of a separate auto-transformer hi 
latter is preferable for machines of relatively 
large electrical rating, as a non-tapped trans- 
former will have a substantially lower reactance 
than one with tapped switches when it operates 
at the high current values. Power absorbed in 
the transformer represents an extra and und 
sirable demand on the supply system 

An appended table gives approximate values 
which may be used in specifving the currents 
and pressures which a machine must be designed 


for in order to do a certain maximum gage of 
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work. Various alloys, tempers, and surface con- 


ditions may require some variation from th 


figures in this table. 


Seam Welding 


A seam welder is merely an automatic and 
continuous spot welder employing rollers for 
svnchronously 


electrodes and demanding a 


interrupted current supply. General considera 
tions with respect to machine design and other 
features discussed above for spot welders apply 
to seam welders. Because a seam weld is essen- 
tially a series of overlapping spots, currents are 
generally about 25°) higher than with spot weld- 
ing, for a considerable proportion of the current 
is diverted through the weld previously made. 

Since the electrode rollers do not separate 
from the work during the making of a seam 
weld, synchronously interrupted power is abso 
lutely 


rupted power is emploved a resultant unbalance 


essential. If non-synchronously  inter- 
between plus and minus half-cvcles will cause 
a saturation of the welding transformer, and 
prevent its further operation 

Various “on” and “off combinations are 
emploved for different gages of material. These 
are usually selected so that the “on” period is 
not over one-third of the “off period, and 
preferably less. A combination of a suitable 
evele adjustment and feet per minute gives the 
desired number of overlapping spots per inch. 

By establishing a fairly long “off” period 
and increasing the speed of the work, a seam 
welder may be used to make an intermittent 
scam weld, and give the same result as a suc- 
Where this 


method is physically applicable, the speed of 


cession. of ordinary spol welds. 


production is many times that of spot welding. 


Tentative Machine Settings For Spot Welding 
Aluminum Alloys 





lip PRESSURE 

GiAGI om : IN Lp. 

PiMeE CURRENT 

B.& S. IN IN MINI- MAXI 
No. INCHES CYCLES AMPERES MUM MUM 
26 0.016 { 14,000 200 100 
24 0.020 6 16.000 300 500 
99 0.025 6 17.000 300 500 
20) 0.032 s 18,000 400 600 
18 0.040 8 20,000 400 600 
16 0.051 10 22 000 500 700 
14 0.064 10 24.000 500 700 
12 0.081 12 28 000 600 800 
10 0.102 12 32.000 S00 1000 
8 0.123 15 35.000 800 1200 
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TANTALUM IRONS A&A STEELS 


Bv R. Genpers and R. Harrison 






Summary of paper for British 
Iron & Steel Institute, Sept. 1936 meeti 


ANTALUM-IRON alloys may be cons 
(structurally) as a system of iron at 
compound Fe.Ta, whose solubility in alpha 
is small at low temperatures. Its solubil 


gamma iron increases with temperatu 
about 3°, tantalum at the eutectoid (122 
or 22307 F.). 


Hardness is increased progressively t 


Vickers 170 (annealed) or 200 (quenche 
7‘. tantalum. The quenched supersat 

solid solution is stable up to about 110 
Above that temperature a moderate amo 
hardening occurs in the low tantalum 

after tempering 1 to 5 hr. Experiments 
cementation of Armco iron with ferrota 


vave negative results. 


Phe constitution of carbon steels cor 
tantalum and niobium, and made fron 
mercial materials, may be broadly coi 
with that of the pure tantalum-iron 
With increasing tantalum content, the p 
tion of carbon in the form of iron car! 
progressively reduced, and above a certa 
centration of tantalum, depending on tl 
bon content, the steels become ess 
tantalum-iron alloys containing inclusi 
an additional hard carbide constituent 
appears insoluble. For example, in a 
carbon steel the effect of only 1‘; of ta 
is to reduce considerably the proport 
pearlite in the steel, the structure consis! 
mainly of ferrite grains containing disti 
fine particles of another constituent. Ve! 
pearlite was observed in the 3° tantal 
and with 6.65, or more of tantalum t! 
tures were similar to those of the ca! 
allovs. Quenching from 2100° F. p 
areas of martensite in the 1‘: tantalt 
but none in those containing hig! 
centages. 

Certain of the tantalum steels 
above 10‘, of tantalum show a relativ 
reduction in strength on testing at 9! 
in view of the difficulty of working the 
rials it is doubtful whether they ! 
At temperatul 


850° F., oxidation is extremely rapid 


promising application. 


ing a thick, adherent scale. 


(Continued on page 92 
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Crystallography of the Chemical Elemenis 


As Tabu/ated by William Hume-Rother; 
































‘The Structure of Metals and Alloys” Monograph No.1, British Institute of Metsa/s 
| 7 T c , ’ ~ 
i) 9 ar 
C > © ~ 
— ° ‘ ‘ 
5 Cc Lattice interatomic ‘ g 

wre : , Ae) 4 . 

Element Electron Se| Axia/ |S Constam Distance | @° 
4 _ ~S ; = + 
Atomic Arrangement |G2\| Ratio e Q3 

Nin c ~ Cc 
vO. in Free Atoms | B~| Cra or T | T 3 Qs 
~ | C - 
% | O on “J , ~ \) 
~~ | D fo | q sy Z o NO 
© % : a Cj 
S | | . 
Group IVA in Periodic Sequence 
itanium (2H8)(10) 2 | O.| 4607 66 |2.953 | 4.729 | 2.9/5 | 2.953 
"irconiurn (2UBNIEMO2 | QO} 71.589 6.6 | 3.223 | §./23 | 3./66 | 3223 | 3 
data for 867°C! / B=) es 8 | J3.6/ 3.126 
. ) av ps ry 2 | 7 Oy ry ai ee, 4 
Fnium (2. (BIBUSEN 10}2) O ae 0,6 3.200 5.0727 35 39 ee 4 
Thorium CHENT8) (SEMIB/UON2) | a 12 |5.0727 0r 5.590 
5.09 2.61 
Group IVB, fncluding Carbon and Silicon 
,diamond (2/4 | > a 5.5606 5/13 
” Oraph te IO f/| 2 25 6 | 246 6.78 Ge 2.46 
-on | CN8)4 » — 4 | 5.4/8 2.546 
x ~ 
nanium a (18)4 v 4 | 5.64: 445 88 
ray CN B)(18)(18)4 > , 4 | 6.46 297 5 
white — A 0.5456 | 4,2 | 5.8194| 3./2753\ 3.0/6! | 3.1753 
3 (2ENHB)IBHI2NI8)4 ‘) — IP | 4.9589 3.4923 3.494 
Group VA In Perrodic Sequence 
Snadium PENI 2 ro) | 8 Z.05F3 | 62> AS 
bium eyayiayie)! 4) . | @ | 3.294 853 4 
| 40.00! 
talurr (2HENIBH32ZW) 2 (A! 8 | 5.298 954 2.94 
10.002 
rotoactinium\ (ZU{ENIBHSEWISEHIV2 ord 
Group VB 
trogen (2)5 a=cubic - | — 1566 | 06 
osphorus (2)(8/5 - a=34° 7 5,5 | 5./4 1 Dd z, 
Arsenit (2HE/N8/5 7 aw=5F°G’ | 5,5 | 4.1/5) 2.5086 | 5./465 
intimon (2HB)IB)(18) 5 DO | a=57° 5° | 3,5 | 4497 2.879 | 3.3578 | 3.226 
Born, tb (2HEV08. WZ2EHI8)5 — Qa = 57° 6" 33 47 65 z oy 34°74 z 1 
Group VIA in Periodic Sequence 
” MBNIZ) 1 r=(6 - 8 | 28786 | 4929 
B= 1.626 6.6 |\|2.7lo | 4.416 109 
yodenum (2HENIEHI3) 1 | | 8 | 3.1403 | j oT. 4 
yster CHBNWENZQMZJ2 | a= 6 | 5.1583 | 55: 8 
|B, fc)| 8atoms in unit cell> 5.038 | 519 B16 
QNENBNSoNIeNZ/2 \Mono-| a:b20=/s12321/7 | 2829 | 3.308 | 2.829 «+ Note 
l clinic B= 64°18" | b= 4.887 
Group VIB 
y oJ LK | — | — — 
2 spa F | 
“ (ZH8/8 fu li 2.3/5 - 10.61 124.56 
n LENBNIB)6 10 fe 1.140 2,4 | 4.3537 | 4.945 5/6 | 3.4! 
— | HB)IEH18) 6 O fk | 33 2,4 | 4.445 | 5.912 B58 3.46 
U/7) 2H BNIBNZZUIB)E = —_ =... _ - | 
so i . _— | pt i 
»/ } is Lody- y tered cubic; © is face-centered cubic ; O /s close £ aCKED NexAGona/ Except 
IS noted ; > ‘Cc diamond ; Ais tetragona/ ; DO is rhomboheorsa/ and 9p thy 7, TY AIC 
Graphite is hexagonal , not close packed, with four atoms per unit ce 
UO Struct Me 5 two positions orstin U IShab eS, 790 Vr £ oP) 80 A o 4 re B/E A 
each atom Y has CYat 2519 and 4X at Z8/6A - 
1/ /28 atoms in unit cell. Data from International Critica/ Tables or A.S.M. Metals Handbook 
Jj Hexagonal, not close packed ; each atom has 2neighbors at Od; and 4 at d, 








HE steel foundry, as well 
as the iron foundry, adds 
Nickel to many a composition. Adds it 
to fortify steel castings against the ravages of 


impacts, fatigue, stresses, and wear. That Nickel 


helps these castings live to a riper service age Is proved 


by some of the case histories cited here. The two Pull- 
mans shown are about to be joined with coupler 
knuckles (see inset) of Nickel Cast Steel. Just remem 
ber that when the impact comes there's a 20-ton bump 
between metals—and that there are heavy tensile and 
compressive stresses when the train starts and stops. 
Since 1928 most of these Pullman coupler knuckles have 
been made of Cast Nickel-chromium Steel. More than 
10,000 have been placed in service. The possibilities of 
‘ flecting long run economy in your ¢ quipment make the 


Cast Nickel Steels well-worth investigating. 


HESE curious globular castings came from the locks 

of the Panama Canal. They are called pintles pivots 
on which the huge 79-ton lock gates turn. Before they 
were removed 20 years of service were chalked up to 
their credit. The one on the left (pressure side) shows 
only slight evidence of wear: the one on the right (slack 
side) shows dirt and seale but no wear. Another example 


of the downright economy of the Nickel Cast Steels. 








O service records are avail- 

able for this particular col- 
lection of Nickel Cast Steel gears. 
But we have plenty of case his- 
tories of others of the same type and compositions | 
prove the ultimate economy of this material. An in 
esting photograph, this, from a number of stand po 
but especially interesting to makers and users of 
chinery because it shows how broad a range ol 
applications may be supplied by strong, tough Ni 
Steel castings. We invite consultation on the use of 
and wrought Nickel Steels, Nickel Cast Lrons and « 


alloys containing Nickel in your equipment, 
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INTERRUPTED SPOT WELDING 


USES ELECTRON 


TUBE CONTROL 


mechanical elements. An early development 
By R. S. Pelton was the installation of driving motors synchro 
Weskes Loahasaters nized with the welding circuits. Rapid work, as 
General Electric Co. on a machine making a seam of a series ol 
Schenectady, A overlapping spol welds. mr quired that suc h con 


trol machinery be of the utmost precision and 
carefully maintained. In many instances (such 
as the joining of one metal to an unlike one, 
joining heat treated or special alloys, joining of 


extremely thin metals or parts of large differ 


R' SISTANCE WELDING, as is well known, ence in mass) good welds required control 
quires the passage of heavy electrical accurate to a small fraction of a power evel 
ts through the adjoining pieces of metal bevond the capabilities of mechanisms 

ited. Resistance offered to the passage Hence the utilization of electron tubes for 
s current heats the metal at and beneath the closer control of the electrical current 
tact surfaces and when the temperature followed quickly upon their commercial produc 
ently high a mechanical squeeze will tion. That tvpe of tube known as the “thyratron” 
alized union. The equipment required (a vapor-filled tube with a control grid) was 
relore some form of press whereby the early used to replace troublesome and noisy 
re held and forced together, a source of contactors on high capacity welders Shortly 
of proper voltage and amperage and a thereafter, thyratron synchronous timers wer 
. vhereby these forces and currents can be substituted for the cam operated control switch 
led in time and amount. More rugged tubes of new design and simplified 
tical embodiments of these principles circuits now permit the control of a 300-kva 
most diverse forms; very frequently spot welder (for instance) with six tubes 
ry is designed and built especially to wherein the time of current dwell may be 
e particular part in production. Much adjusted simply by turning a dial, from one to 

is also been given to automatic control 50 eveles in one-cycle steps 
Whereby the proper sequence — of Thyratron control is by no means a com 
il pressure and electrical current, as plete cure for all the ills of resistance welding, 
the amount and duration of each, is but it has at least eliminated three of the most 
Eliminating the personal equation of serious problems with which users of resistance 
ne tender is desirable in almost all welding have been faced: First is the inaccura 
any high speed operations it is abso- cies of control devices with reference to the time 
sential. of power application or dwell. Secondly, simi 
ally such control devices depended lar inaccuracies of such equipment are avoided 
linkages, cams, gearing and other where the instant of starting current flow with 
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respect to the voltage wave is involved. Finally, 
electron tubes cut the high maintenance cost of 
mechanical control on seam welders and high- 
speed spot welders. Another major reason why 
equipment manufacturers are swinging to thy- 
ratron control for their spot and seam welders 
lies in the fact that the speed of welding can 
often be multiplied several times with no sacri- 
fice in quality in some cases, it has resulted 
in a decided improvement in quality. Finally, 
through the use of this method of control using 
electron tubes, a new welding process, known as 
“interrupted spot welding,” has been developed. 

It will now be my endeavor to outline this 
process of interrupted spot) welding, rather 
than enter into a discussion of the electrical 
theory underlying the control devices — a mat- 
ter somewhat aside from the interests of users 
of equipment for metal fabrication. Likewise, 
it is unnecessary to do so, for it has been 
excellently covered in a series of articles in 
General Electric Review, February to June, 
1937, inclusive. 

This process of interrupted spot welding 
has extended the application of both spot and 
projection welding in three ways: It has made 
it practical to spot weld pieces together several 
times as thick as was practical before. Regard- 
less of this point, the application of this principle 
also increases the capacity of any given spot 
welding machine with regard to the thickness of 
the parts which may be welded by that particu- 
lar machine. Interrupted spot welding has also 
been a great aid with those jobs that produce 


“splash” or tend to blow out weld metal. 


Multiple Shots of Current 


Briefly, the process consists in the applica- 
tion of repeated impulses of power or current, 
instead of a single application of power, when 
making a single spot weld or a single projection 
weld. These multiple electrical impulses occur 
during a single application of pressure, or a 
single operation of the welding machine. Such 
a condition of affairs may obviously be accom- 
plished by the use of a seam welder interrupter 
in connection with a regular spot welder control. 
More satisfactory results, however, are obtained 
with a thyratron control especially designed 
which applies a certain predetermined number 
of impulses of power, each “on period” synchro- 
nously timed with an “off period,” the sequences 
being adjustable over a wide range of times. 


The first benefit derived from the applica- 
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tion of interrupted current in spot weldi: 





an increased electrode life. For exan 





previous difficulty when trying to spot 





thick pieces of steel together was that 





suflicient heat and pressure were applic 





electrode materials would anneal and ° ‘ 





out,” and frequently fuse to the = stee! 





between them. This condition was also ‘ 





ciated with relatively intense heating 





parts being welded out to and includin 





external surfaces. That this can be cor 
by interrupting the welding current mome 
a number of times is illustrated by the ex 
case of two lapped pieces of 1x3 in. ¢ 
stecl plate. The half tone opposite shows 
grain structure at the spot weld. Each weld 
made in one minute, wherein the total ap; 
tion of power was 30 sec. that is, ther 
30 applications of power, each 60 cvcles 
with 60 eveles off between impulses. 
dentally this sample broke at 118,000 Ib 
in tension.) 

Water-cooled electrodes are necessai 
obtain maximum benefit. The time off betwe 
impulses of power allows the water to « 
the temperature of the electrodes, vet the d: 
is not sufficient to lose appreciable heat 
It can be se 


that the grain structure in the surface in 


the mass of metal to be welded. 


with the electrodes is practically unc! 

An unchanged outer surface is frequently dest 
able to 
principal point now stressed is that this 


resist external corrosion, b 

cedure increases the electrode life many 
In some cases, it is desirable to accon 

the spot welding operation with an an 


treatment. A spot weld made too quick! 


hardenable steel results in a severely qui 
condition, especially if the electrodes a 
the spot appreciably after the weld is 
Likewise formed parts in low carbon st 
senting severely cold worked materia! 
or projection welding will frequently r 
lize into a coarse grained, brittle weld 
of these cases is benefited by “soaking 
additional heat after the weld is made, 
be treated in one of two ways: Afte! 

is completed less heat is generated by 
rent, so that if a low value of interrupted 
is used the final impulses may supply ! 
as fast as it radiates through the 

If greater speed is desired, any one 0! 
automatic devices may be used to cut 
of the applied current for the final 
first having made the weld quickly. Hi 





av be applied in this way with very little 


the electrodes. 
seldom occurs that the first impulse of 
Ordi- 


each impulse of power serves to raise 


will make a satisfactory weld. 
nperature in the weld zone until a weld 
cient size is made. This gives a water- 
d welding transformer the same advantage 
water-cooled electrodes have in welding 
ivier pieces. Various combinations are 
unging from one cycle on and one cvelk 
ich is a help on some projection welding 
Ht) cycles on and 60 cevcles off for spot 
some heavy sections as illustrated on 
i The general rule is not to have the 
off exceed the time on: sometimes the 
ition Is only one 
CV les off 


( ight evel Ss on. 


with 


production jobs 
sing only three or 
I pulse s of current 
SOT jobs require 
4) impulses. 
With the many dif- 
metals and alloys 
ll the combinations 
cknesses, shapes 
ts, and designs of 
lions, it is” still 
i matter of cut- 
to determine 
ombination works 
a particular job. 
at tap, or cur- 
tting, is related 
tely to the = tim- 
the number of 
S is not so crit- 
thus, if a normal 
ld is being made 
impulses, an 
il one will do no harm and one less will 
weld only a little smaller, other factors 
¢ the same. 
tact resistance 
trolled by 


ondition of the parts to be 


is a very important fac- 
both the pressure and the 
welded. 
ce conditions may influence not only 
t setting, but also the timing required 
splash, or to get a real weld instead of 
ig the parts together. 
commended that formed parts always 
0 fit properly before putting them into 
gmachine. However, when the weld- 


e must be used for a forming press, 
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it is a help to allow enough time so that heat 
can soak out into the metal which is to be bent 
or deformed. Periodically interrupting the cur 


rent flow in such a case allows the electrods 


forms to be maintained while the metal is 


heated 


down, and finally welded. 


more slowly and extensively, pushed 


General Recommendations 


It is hoped that the following remarks will 
serve as somewhat of a guide in choosing a cor 
rect combination of “on periods” and “ofl 
periods.” 


With heavy 
thic k 


sections that is, when both 


the “off period” should more 


parts are 





Vomentarily Interrupting the Welding Current Many Times During the 
Vaking of a Spot Weld Permits the Electrode to Be Adequately Cooled 
and so Lengthens Its Life. 
the spot has not been heated above 


Note that the outer surface of the steel al 
the recrystallization temperature 


nearly equal the “on period.” This will give the 


water cooling a better opportunity to keep the 


electrodes in condition to withstand the higher 


pressure necessary, vel, with these thicker sec 


tions, each impulse of power will add additional 
heat to the joint between the pieces. 
Long times (as 30 impulses, each 60 cycles 


oreater time 


= 


on and 60 eveles off) may require a 


of pressure dwell than the machine will give 


without stopping the motor, when a motor 


operated welder is used. When such jobs are 


not too frequent, thev mav be accomodated 


conveniently by stopping the motor with the 


pressure on, and then starting the motor again 
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after the weld is completed An alternative is 
to install a sequence control and a motor with 
a brake to stop it at the desired position. 

With medium heavy jobs, where the total 
thickness of both parts is one inch or. less, 
rround 30 eveles of current on with 20 eveles 
off is commonly used. The number of impulses 
is frequently five or six, although with some 
more critical jobs a lower current value with 
10 to Lo impulses is used. 

When 


welded shorter impulses are used, and the 


thinner sections are being spot 
proportionate time off must be reduced or the 
chilling action of the electrode will affect the 
temperature at the inner surfaces or weld joint. 

When a spot weld must be made too near 
the edge of a piece, or when a narrow strip is to 
be spot welded to another piece, the tendency of 
the material to splash or mush out is greatly 
reduced by using an interrupted current. (By 
“narrow strip” is meant a strip perhaps no 
wider than the electrode contact surface.) — In 
either of these cases, the time off should nearly 
equal the time on so that the material next to 


the electrode will be kept cool enough to resist 








“mushing™ while the heat is built’ up 
slowly and confined closely to the joint. 
narrow strip of aluminum in. this 
impulses were used with three cvcles ol 
nating current on and three cvcles off 

Projection welds take a large var 
forms. One common type involves the 
of studs or bosses onto plate stock. iz 

.-in. diameter steel studs onto -in, plat 

impulses with two cycles on and two cv 
produce a tougher and better weld wit 
splash than was ever obtained before | 
other procedure of resistance welding | 
to the writer. 

For 7,-in. round studs onto 14-in. pla 
impulses with four cycles on and four evel 
proved very satisfactory. The dome on t! 
of these studs was spherical with about 
radius. 

To mount a long bracket of .-in. st 
a curved surface of !,-in. stock, eight proj 
0.050x,. x, in. were used. Three impuls 
nine evcles on with seven cevcles off O1lVe 
ter and more uniform result than was 


obtained by a single shot of current. 


Five Spot Welds Made by the Interrupted Method Attach Securely Internal 
Fittings to Each Stde Plate in the Housing for 
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This Magnetic Brake 














CORRESPONDENCE 


Lrroneous Interpretations of 


Studies Under Polarized Light 


Special Letter to MeTaL ProGress 
by Albert M. Portevin 
Ecole Centrale des Arts et Manufactures 


p LRIS, Franes 


der polarized light has been used fre- 


Although examination 


in mechanics to determine the internal 
s in transparent models (photo-elastic 
s) and in mineralogy for the determina- 
of constituents of rocks (petrographic 
lies), it has not found much application in 
ography, although it was recommended 
hocnigsberger as early as 1909, This method 
useful in the same two 
Metallographic 


prove Very 
tions mentioned above. 

mena, however, are more complex and 
resent sources of error in interpretation 
ist be guarded against. 

the first place, the phenomena are some 
bscured because of the fact that 
ition is by re flection and because modi 

sin the surface caused by polishing and 
ire inevitable. 

crystals are not 


refringent generally 


\tinguished; isotropic crystals likewis« 
ilwavs absolute ly black between crossed 
[his originates from the fact that in 
irizing metallurgical microscope — the 
S parasitical reflections and refractions 

vertical illuminator and ocular prism 


slightly the polarized cone reaching the 


ipparatus., 





AND 


LETTERS 


FOREIGN 


It is 
examination under polarized light is hampered 
hy the feeble intensity of the reflected light, thus 


fenerally found that metallographi 


‘ 
> 


requiring too long an exposure for photography 
\nisotropic crystals can be revealed without 
etching; indeed the roughening caused by pr 
liminary etching may even be detrimental to 
clearness, since it diffracts the light Furthes 
more, considerable attention must be paid to th 
quality of polishing in order to avoid surftac 
deformation which would conceal the orienta 
tion of the underlying crystals 

Errors of interpretation may moreover b 
made because of parasitical reflection pl 
nomena which appear to be caused by a 
bi-refringence that does not actually exist 

Thus, in Archiv fiir das Etsenhititlenweset 
for October 1936, page 1d. P. Schafmeister and 
G. Moll were led to attribute the existence of 
“stresses” in amorphous, globular silicate inclu 
sions in steel. because thev showed between 
crossed nicols a black cross with bright colored 
concentric rings, the cross remaining stationary 
when the microscope stage was moved L his 
phenomenon did not disappear when the samplh 
was annealed. 

It should be remembered in this connection 
that R. W. Davton (A.LM.E. Technical Publica 
tion No. 593, January 1935) proved geometrically 
that this phenomenon of the black cross occurs 


without any anisotropy for any transpare! 
isotropic inclusion having a spherical base; ar 
elliptical polarization occurs by reflection, from 


the base of the inclusion, of minimum effect in 
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the directions parallel to the polarization planes either a hemispherical or a more or les 











and of maximum effect in a direction at 45” to elongated shape. These droplets, whet 
these planes. Phe black cross is the result of ined under polarized light between x 
this phenomenon and it is not necessary to nicols, will show the phenomenon of the 
explain its existence by assuming the presence cross When they are round in shape, and 
of somewhat hypothetical stresses. Moreover, elongated will show four successive exti 
it is svmptomatic that in metal containing such and illuminations for each revolution 
spherical inclusions, the black cross remains microscope stage. 
even after heat treatment at high temperature, This phenomenon is” photographes 
when the “stresses” should have disappeared. reproduced herewith. While not exactly 
Likewise, transparent inclusions which have tical, since there is inversion in the rel 
been clongated by rolling, such as the vitreous relation to the surface of the sample, if 
manganese silicates, present entirely analogous closely akin to that presented by glob 
elliptical polarization phenomena by reflection elongated inclusions of vitreous and trans 


Professor Portevin Refutes Idea That “Black Cross” tn Transparent Inclu 
sions in Metals Indicates Internal Stress by Showing Same Phenomenon 
in’ Glycerin Droplets on Slightly Greased Metal Surface (150 Diameters) 





Parallel nicols Crossed nicols Same as middle but stage rotal 
from the base. This effect also is at a maximum silicates in steel. It can hardly be assut 
when the axis of elongation of the inclusion is glycerin acquires the optical properti 
it fo) to the direction of polarization. As this bi-refringent crystal under the simple 
position is obtained four times in each revolu of its surface tension. Observations 
tion of the stage, it is not surprising that four sions under the polarizing microscop 
successive positions of extinction and illumina therefore not be interpreted hastily, es 
tion may be observed, thus leading to the belief when dealing with transparent or hig! 
that the elongated inclusion is crystallized and lucent inclusions. 
anisotropic (and even that it is formed by a Finally, the advantages of conic li 
single crystal with its axis in the direction of determination of inclusions should |! 
elongation). especially in discerning opaque and ti 

The following very simple experiment will inclusions without the use of polar! 
illustrate the accuracy of this reasoning: Chis has been discussed by the write! 
If droplets of glycerin are atomized on a Castro at the British Iron & Steel Insti! 
slightly greased, polished metal surface, they ings in September 1935 and 1936. 
will not wet the surface and will therefore take Apert P 
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Wear Testing 


ents on Articles in MerTaL PRoGRESS 
by Samuel J. Rosenberg 


(sso. Metallurgist, Bureau of Standards 


W \SHINGTON, D. C. — Although the prob- 
lem of wear testing has many ramifi- 
s and differences of opinion among 
sators are not uncommon, certain prin- 

ire agreed upon. One is that there is not, 

in never be, a “universal” wear test. This 

. sical corollary of the fact that there are 
different tvpes of wear and that a material 

s most advantageous in a certain appli- 


A con- 


tion of these facts leads to the conclusions 


mav be useless in a different one. 


vear testing equipment must be designed 
mulate 


is from any type of wear test cannot be 


actual service conditions, that 


pled until it has been proved that those 
sults actually check service data, and that the 
of materials obtained by any one test 
be applied to any different tvpe of wear. 
onclusions have frequently been con- 
d by careful experimenters, and the litera- 

s quite consistent. 
there appeared, in the March 1937 issue of 
\. PROGRESS, a very interesting article, “The 
Wear of Some Hard Metals.” by 
rt B. Freeman. In the April issue Dr. 
in, in collaboration with Donald S. Clark, 
scribed “A New Test for Relative Sliding 
the purpose of this test was to acceler- 
determination of the resistance of 
ils to sliding wear and a few data are 


» show that this test is suitable for that 


ipparatus described in the March issue 


ied to simulate sliding metal-to-metal 


nd when pressure, speed, and other 


ire properly controlled, the authors may 
bly expect to secure data which will be 
le to service conditions involving sliding 
the use which is immediately suggested 
description of the test is the deter- 

of the wear resistance of materials 
l brake shoes on car wheels. The 
ted test method for determining resist- 


sliding wear, described in the April 


Ss not involve the same tvpe of wear 


sts in the test described in the March 
is accelerated test method is really a 
{ the resistance to scratching or cult- 
combination of both, and it is quite 


that if many materials are tested, the 


two testing methods will not rate them all in the 
same order. 

A study of the data given in the March 
article reveals that the wear of any material in 
this tvpe of test is dependent upon the material 
with which it is in contact, the pressure between 
the two and rate of slip (to mention only three 
factors). Since so many factors enter into the 
determination of the wear resistance of a metal 
in this machine, and some of these are alto 
gether different and others are not even present 


in the cutting or scratch test method described 


in the April issue, it should not be expected that 
the latter test will give results similar to thos 
obtained with the first. 

The complexity of the problem of wear 
really can be appreciated only by those who 
have worked in this field. When cine considers 
the amount of time and effort which has been 
spent in wear testing, the sum total of our 
knowledge on this subject is surprisingly small 
One or more of the technical societies can rendet 
a real service to the metal industries by sponso! 
ing an extended study of wear and wear testing 
A program of work should include a tabulation 
of the various types of wear, a study of the 
mechanism of each type of wear and the effect 
of pertinent influencing factors, a critical study 
of all available wear testing methods and a 
determination of the tvpe of wear most closely 
simulated by each method, and the proper inter 
pretation of test data. All test data secured in 
such a study should be extensively checked 
against service results. Such a program, car 
fully planned and painstakingly executed, might 
lead to a suflicient understanding of wear to 
enable the ultimate standardization of certain 
types of wear tests and a clear understanding of 
the applicability of the test data obtained there 


from. Samvuen J. ROsenserc 


Reply by Messrs. Clark and Freeman 


ASADENA, Catip. The results of wear 

tests carried on at the California Institute of 
Pechnology and reported by Robert B. Freeman 
in the March 1937 issue of Mera. ProGress, were 
in answer to a direct problem concerning slid 
ing wear. In observing the results of those tests, 
it was believed that for certain materials weat 
took place by the removal of metal by cutting 
or scratching. An investigation of this fact was 
therefore undertaken, and it is reported in thy 
April 1937 issue. 

The results of this study do not warrant the 
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the directions parallel to the polarization planes 


and of maximum effect in a direction at 1)” to 
these planes. Phe black cross is the result of 
this phenomenon and it is not necessary. to 
explain its existence by assuming the presence 


ay Moreover. 


it is svmptomatic that in metal containing such 
the black 


treatment at high temperature, 


somewhat hypothe tical stresses 


inclusions, 
heat 


“stresses” 


spherical 
alts I 
thre 


CTOSS remains 


even 


when should have disappeared. 


Likewise, transparent inclusions which have 


been clongated by rolling, such as the vitreous 


manganese silicates, present entirely analogous 


elliptical polarization phenomena by reflection 


Professor Portevin Refutes ldea That “Blacl 
Internal Stress 
in Glycerin Droplets on Slightly Greased Metal Surface (150 Diameters) 


sions tn Metals Indicates 





Parallel nicols 


Crossed 


from the base. This effect also is at a maximum 


when the axis of elongation of the inclusion is 


at 45 As this 


position is obtained four times in each revolu 


to the direction of polarization 


tion of the stage, it is not surprising that four 


successive positions of extinction and illumina 


tion mav be observed, thus leading to the belief 
that the elongated inclusion is crystallized and 
anisotropic (and even that it is formed by a 
single crystal with its axis in the direction of 


clongation) 
| hie 


illustrate 


following very simple experiment will 
the ol 


If droplets of glycerin 


accuracy this reasoning: 


are atomized on a 


slightly greased, polished metal surface, the, 


~ 


will not wet the surface 


and will therefore take 
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either a hemispherical or a more or les 
These droplets, when 
light 


nicols, will show the phenomenon of the 


elongated shape ; 


ined under polarized between 


cross When they are round in shape, and 


eclongated will show four successive ¢ 


— 


XU 


and illuminations for each revolution 
microscope stage. 

This phenomenon is” photographes 
re produce d herewith. While not exactly 
tical, since there is inversion in the re! 
relation to the surface of the sample, it 
closely akin to that presented by globu 


elongated inclusions of vitreous and trans 


Cross” tn Transparent Inclu- 


by Showing Same Phenomenon 


nicols Same as middle but stage rot 





silicates in steel. It can hardly be 


aSSUI 


glycerin acquires the optical properti 
bi-refringent crystal under the simpl 

of 
sions under the polarizing microscop 


be 


when dealing with transparent or hig! 


its surface tension. Observations 


cs 


therefore not interpret d hastily, 


lucent inclusions. 

Finally, the advantages of conic li 
of 
especially in discerning opaque and tra 
the of 
Chis has been discussed by the write! 
Castro at the British Iron & Steel Instit 
ings in September 1935 and 1936, 


Apert P 


determination inclusions should ! 


inclusions without use polar! 
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Wear Testing 


ents on Articles in Meran ProGress 
by Samuel J. Rosenberg 
Metallurgist, Bureau of Standards 


W \SHINGTON, D.C. Although the prob- 
em of wear testing has many ramifi- 
s and differences of opinion among 
sators are not uncommon, certain prin- 
ire agreed upon. One is that there is not, 
never be, a “universal” wear test. This 
sical corollary of the fact that there are 
different types of wear and that a material 
s most advantageous in a certain appli- 
nav be useless in a different one. A con- 
tion of these facts leads to the conclusions 
ir testing equipment must be designed 
simulate actual service conditions, that 
sults from any type of wear test cannot be 
d until it has been proved that thos 
sults actually check service data, and that the 
of materials obtained by any one test 
be applied to any different tvpe of wear. 
se conclusions have frequently been con- 
d by careful experimenters, and the litera- 

s quite consistent. 
lhere appeared, in the March 1937 issue of 
PROGRESS, a very interesting article, “The 
Wear of Some Hard Metals,” by 
3. Freeman. In the April issue Dr. 
. in collaboration with Donald S. Clark, 
ed “A New Test for Relative Sliding 
The purpose of this test was to acceler- 
determination of the resistance of 
ls to sliding wear and a few data are 


show that this test is suitable for that 


ipparatus described in the March issue 
ed to simulate sliding metal-to-metal 
d when pressure, speed, and other 
properly controlled, the authors may 
expect to secure data which will be 
lo service conditions involving sliding 
use Which is immediately suggested 
description of the test is the deter- 
of the wear resistance of materials 
brake shoes on car wheels. The 
test method for determining resist- 
ding wear, described in the April 
not involve the same type of wear 

ts in the test described in the March 
s accelerated test method is really a 
the resistance to scratching or cut- 
ombination of both, and it is quite 


it if many materials are tested, the 
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two testing methods will not rate them all in the 
same order. 

A study of the data given in the March 
article reveals that the wear of anv material in 
this tvpe of test is dependent upon the material 
with which it is in contact, the pressure between 
the two and rate of slip (to mention only three 
factors). Since so many factors enter into the 
determination of the wear resistance of a metal 
in this machine, and some of these are alto 
gether different and others are not even present 
in the cutting or scratch test method described 
in the April issue, it should not be expected that 
the latter test will give results similar to those 
obtained with the first. 

The complexity of the problem of weal 
really can be appreciated only by those who 
have worked in this field. When one considers 
the amount of time and effort which has been 
spent in wear testing, the sum total of out 
knowledge on this subject is surprisingly small 
One or more of the technical societies can render 
a real service to the metal industries by Sponsol 
ing an extended study of wear and wear testing 
A program of work should include a tabulation 
of the various ivpes of wear, a study of the 
mechanism of each type of wear and the effect 
of pertinent influencing factors, a critical study 
of all available wear testing methods and a 
determination of the type of wear most closely 
simulated by each method, and the proper inter 
pretation of test data. All test data secured in 
such a study should be extensively checked 
against service results. Such a program, care 
fully planned and painstakingly executed, might 
lead to a suflicient understanding of wear to 
enable the ultimate standardization of certain 
tvpes of wear tests and a clear understanding of 
the applicability of the test data obtained there 


from. Samvuen J. ROSENBERG 


Reply by Messrs. Clark and Freeman 


ASADENA, CaAtip. The results of weat 

tests carried on at the California Institute of 
Fechnology and reported by Robert B. Freeman 
in the March 1937 issue of Merat Progress, were 
in answer to a direct problem concerning slid 
ing wear. In observing the re sults of those tests, 
it was believed that for certain materials weat 
took place by the removal of metal by cutting 
or scratching. An investigation of this fact was 
therefore undertaken, and it Is reported in the 
April 1937 issue. 

The results of this study do not warrant the 
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that which determine — the 


v required to seratch a 


conclusion tests 


energy material are suit 


abl 


SON ¢ 


to compare sliding wear resistance. From 


comments which have been received, it 
that the intent of the 
stated. It 


would bye of 


authors was 
that the 


interest to 


IS apparent 


not clearly was believed 


method and results 
others and was reported with that as the motive, 
than to idea of conclusive 


the belief, that 


under certain conditions this method may be of 


rather CONVEN thre 


ness. It is authors’ however, 
comparative significance. 
Donatp S. Clark 
Ropert B. FREEMAN 
. J 
Sound Welds in Very Thick 
Plate a Routine Matter 


Special Note for Merran Progress 
by H. S. Blumberg 


Metallurgist, M. W. Kellogg Cx 


Emonmy CITY, N. J 


photograph of a 


Phe accompanying full 


sized test fracture in a 
welded joint and micro at 100 diameters of the 
the 


is characteristic of 


weld will indicate tough, fine-grained and 


sound metal which modern 


welding when it is properly carried out. These 


views were taken of a test plate made in our 


Kellogg welding rod under regular 


a 


shop with 





bat 


Tr. | 


rr" ae 
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conditions in the production of large p 
vessels. 

The metal is plain carbon steel, 41, in 
of 55,000 psi. tensile strength. A nick was 


in both edges with a milling machine a 


weld broken so that the fracture repres 
longitudinal section through the appro 
center of the joint. This “nick break tes 


made according to the specifications 
A.S.M.E. Boiler Code and the 


leum Institute Code for Welded Vessels 


Americal 


A somewhat columnar structure app 
the metal at the 


bottom surface of 


very top surface and 


pressure vessel most of this would be re: 


weld. In a con 


when excess weld metal is chipped 


scopically, there does not appear to be a 
deal of 
and the finely crystalline 

truthfully 


Phe 
“fine grained,” the differences in texture ay 


difference between this columnas 


entire fracture can be 
ing in the photograph being related as m 
the manner in which the fracture took p! 


to any other factor. 
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Embrittlement of Steels 
at High Steam Temperatures 


Special Letter to MretraL PROGRESS 
by J. H. G. Monypenny 
Metallurgist, Brown, Bayley’s Steel Works 


g'" PFIELD, ENGianp — An increasing use of 
sh superheats in steam plants during the 
w vears has brought into prominence the 
it many kinds of steel are liable to lose 
toughness if exposed for long periods at 
yao, 900° -F. or thereabouts. This matter is 
rticular importance in regard to studs and 
is used in main steam lines or other places 
they are exposed practically to the full 
steam temperature. As such bolts are fre- 
tly highly stressed, they have been made 
alloy steels of various tvpes and some of 
se, Which may have possessed Izod impact 
es of 50 ft-lb. or more when put into service, 
be found after a few months’ use, to give 
es of only 5.0 ft-lb. or so. 

lt may be useful to consider this matter from 
ispects: (a) What causes the embrittlement 
d how may it be avoided? (b) What practi- 

significance has the low impact value? 
\s regards the first, there can be little doubt 
it the embrittlement produced is similar to 
e “temper brittleness” which is so characteris- 
feature of ordinary nickel-chrome steels 
vhen they are tempered between about 750° F. 
d 1000° F.. or are cooled otherwise than 
ckly from higher tempering temperatures. 
Nickel- 


rome steel may lose the greater part of its 


lhere is this difference, however: 
) toughness as a result of heating for two 
hree hours at 900 to 950° F.. 


nereas the embrittlement of some of the alloy 


; 


for example, 


steels. proposed for high temperature steam 
lis may develop only after a service period of 
sSinany months. This difference would appear 
solely one of rate of development; the 
damental causes of the two types of embrit- 
are probably the same. In spite of 
vestigations, however, this fundamental 

s sill unknown. 
' rtunately a palliative is known. If molyvb- 
be added to nickel-chrome steels, the 
toward temper brittleness is greatly 
0.3) molybdenum will prevent any 
of this defect appearing under ordi- 
it treatment conditions. On the other 
tinuous service at 800° F, or 900° F. 
tes much larger additions; thus, steel 


O.61' molybdenum (with 2.27', 
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nickel and 0.66°. chromium) has been shown 
by Dr. Inglis to lose 60° of its impact value 
after 15 months at 410 to 430° C. (770 to 806° F.). 
This information is contained in a paper by 
N. P. Inglis on “The Relationship between 
Mechanical Tests of Materials and their Suita 
bility for Specific Working Conditions” befor 
the North-East Coast Institution of Shipbuilders 
& Engineers, December 1936. Similar additions 
of molybdenum to steels which are themselves 
much less liable to develop temper brittleness 
that is, to carbon steels or to chromium steels 
produce materials which appear to retain their 
toughness indefinitely at) such temperatures 
So much for the loss in notch brittleness in 
high temperature service. Opinions as to the 
practical significance of this embrittlement are 
lt is often stated that the brit 


tleness is only evident in the impact test This 


not unanimous, 


is not strictly true, although it is agreed that 
no measurable difference between the tough and 
embrittled forms of the steel is observable in 
tensile, bend or fatigue tests providing the test 
pieces are not notched. Slow bending tests o1 
impact tensile tests on suitably notched test 
pieces, however, show differences similar to 
those in the Izod impact test, so that the embrit 
tlement produced would appear to be associated 
with local intensification of stress due to the 
presence of a notch, a matter surely of impor 
tance in threaded studs and bolts. 

A further important feature is the effect of 
testing temperature on the value obtained in the 
impact test. Some eighteen years ago, the 
present writer showed in the Journal of the Tron 
& Steel Institute, 1919, Vol. Il, p. 398, that the 
impact value obtained from temper britth 
nickel-chrome steel increased slowly as_ the 
testing temperature was raised to 250° C., then 
rapidly between 250° C. and 300° C., and af 
so0° CC. (650 
to that possessed by the tough form of the sam 
Similar 


obtained by Dr. Inglis on material embrittled 


Fr.) the value obtained was equal 


steel. results have recently been 
by prolonged exposure at high steam tempera 
tures. Hence, if embrittlement is produced in a 
stud or bolt or other part exposed for long 
periods to high steam heats, that embrittlement 
only becomes evident when the bolt or othe 
part cools down below about 250° C.; it does 
not exist at the operating temperature 

This fact is of considerable importance, but 
it does not settle the question as to the danger 
of embrittlement from a= practical standpoint 


Power plants do not remain continuously in uss 











during the whole period of their useful life. If 
the structural changes producing embrittlement 

whatever they may be have occurred in a 
bolt or stud, embritthement will become evident 
during stoppages, whenever the bolt or stud 
cools below about 250 C. One can easily 
visualize conditions in practice in which the 
stresses (cither tension or bending) on = such 
bolts will be greater during the warming-up 
period after a shutdown than when the plant 
is working under steady load. 

It Is also occasionally necessary fora bolted 
joint to be broken for insertions of new fittings 
or alterations to steam line or other causes. 
Those who have been so unfortunate as to have 
to do this with bolts of embrittled steel do not 
venerally wish to repeat the operation! 

Finally, one may consider the matter from 
the point of view of strength at service tempera- 
tures. It is fortunate that those varieties of steel 

for example molybdenum and chrome-molyb- 
denum which are free from embrittlement 
effects are also among the strongest at these 
temperatures. It does not appear that other 
kinds of steel, such as nickel-chrome and certain 
commercial types of nickel-chrome-molvbde- 
num steels, which are subject to embrittlement 
offer anv advantage, either cconomic or from 
the standpoint of physical properties, which 
might be set against their loss of toughness. It 
mav be suggested, therefore, that the wisest 
course is to select for these highly stressed parts, 
stecls that do not embrittle as a result of servic: 
conditions even though the embritthement which 
might be produced in other steels may affect 
the stud or bolt, for which they were used, dur- 
ing only a fraction of its life. 


J. H. G. MonNyYPENNY 


Titanium Does Not Increase 
Corrosion of 18-8 Stainless Steel 


Comment « Article in) Merant Progress 
by William B. Brooks 
Metallurgist, Stainless Steel Divisio 


Carnegie-Illinois Steel Corp. 


IPESBURGIL Pa In a letter published in 

the Mav issue from Eduard Maurer of th 
Freiberg School of Mines (Germany) it) was 
stated that: “Titanium steels are troublesome to 
work because of their tendency to form a thin 
scale, likely to be troublesome in the fabrication 
of sheet.” We have produced in this country 
many tons of TS-S sheets containing titanium 


Which have been subject to numerous diflicull 
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fabricating operations and no trouble at all has 
been encountered of the nature described by 
Professor Maurer. 

The tendency of titanium steel to scale ea) 
not be considered significant because one of th, 
most notable applications of this grade of stee} 
has been in airplane exhaust manifolds, whiel 
often operate as high as 16007 F, 

It was further stated that general corrosion 
is increased somewhat by the addition of tity 
nium and tantalum and the German. ste 
impaired in this respect. Occasionally t] 
past trouble has been encountered in the may 
facture of titanium bearing § stainless steels 
Which has been caused by dirt. We have, hoy 
ever, been able to overcome. this. difficult 
completely and find that when properly mai 
factured, titanium bearing © stainless — steels 
possess a resistance to corrosion fully equal 
corresponding analyses which do not have t 


titanium addition. Winttiam B. Brooks 


Smooth and Rapid Fame Cutting 
of Plate 8 In. Thick 


Special Letter to Merat Progress 
by Hans Diergarten 
Metallurgist, SKF Bearing Co. 


CHWEINFURT, Germany Flame cutting 

has suflicient technical significance to wat 
rant a report of some new tnformation on 
subject. Theodor Zobel, as the result of son 
investigations in the Welding Research Depa 
ment of the Berlin School of Technology 
published a pamphlet on the subj 
“Increasing the Speed of Flame Cutting \ 
New Forms of Blowpipe Nozzles” (Press 
Verein deutscher Ingenieure). 

This little booklet starts with the his 
development of flame cutting (and a bh 
phy), after which Dr. Zobel reports the res 
of his own experiments. The first req 
was to procure high speed motion p! 
the oxygen jet as it emerged from Ut 
blowpipe, which was done with the atd 
tem of prisms constituting an tnterts 

Qn the basis of numerous experl 
special type of nozzle shown in the sk 


developed. It })! 


y ‘ 4. , parallel stream « 
“tT, 3° . whereas othe 
d - 4 
eo ¢ with evlindrical 
| 

y ; slightly converg 
ss-Ne flat f Jim cal orilices pro 

ped ¢ fling \ . ( ( nti ed 
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AT YOUR SERVICE...TO CUT COSTS 


A Chrome-Molybdenum (4120) carburizing steel is 4 Develops good core properties. 


w available for mass production. It brings the § Has excellent machinability. 
of carburized parts down to new and more Thanks to these qualities, it has already met the 
tical levels. It costs less than any other high- requirements of one of the toughest assignments — 
illoy carburizing steel. Its core properties are automotive hypoid gears — and has cut the produc 
to those of the more expensive grades. tion costs considerably. 
Made to controlled grain size, it: It will cut costs, and improve performance, on any 
1 Is low in cost. job where maximum core properties are not essen 
2 Q es from the box with minimum uniform tial. Write for details — investigation will pay... . 
: non. Climax Molybdenum Company, 500 Fifth Avenue 
’ 1 very hard, scuff-resistant case. New York City. oe Se oe a a ee 


RS OF FERRO-MOLYBDENUM, CALCIUM MOLYBDATE AND MOLYBDENUM TRIOXIDE 


Climax Mo-lyb-den-um Company 
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PERSONALS ing Department, Lehigh Uni- 


versity, for treasurer 





George B. Waterhouse, protes- — tallur 
sor of metallurgy, Massachusetts James P. Gill, chief metallur- 
Institute of Technology, has been 

—_ Latrobe Pa. and Harvey A. 
nominated for president of the 


American Society for Metals Anderson, metallurgical engineer, 


William P. Woodside, vice- have been nominated for trustees. 


president, Climax Molybdenum 


Co., Detroit, has been nominated R. B. McEachern @& is now in 
for vice-president &, and Bradley the Engineering Department, Har- 
Stoughton, dean of the Engineer- ris Calorifiec Co., Cleveland 


Gtuart Pils4 


FORTHE TOUGHEST” METAL WORKING CONDITIONS 


Is Deep Drawing 


Of Stainless Steel 
e a Problem with You? 


IF SO, WIRE OR WRITE AT ONCE FOR 
FREE WORKING SAMPLE OF 


Stuarts 














“ QUPER- KOOL” 


EXTRA HEAVY DUTY 


DRAWING COMPOUND 


A thoroughly tested deep drawing lubricant widely recommended 
by leading makers of stainless steel, and in daily use by well 
known production plants. 

Stuart’s “SUPER-KOOL” sprayed or brushed on the stock 
prevents metallic seizure and allows proper slippage when angles 
are sharp and where pressures are extremely high. Containing no 
pigment its cleanability is an interesting factor to many plants. 


Address request for free sample to 
General Offices, 2727-2753 South Troy Street, Chicago 


D.A.STUART & CO. 


ESTABLISHED !I865 
CHICAGO i 


Warehouses in Principal Industrial Centers 
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vist, Vanadium-Alloys Steel Co., 


Western Electric Co., Chicago, 








A. H. Allen ©. forme: 
ciate editor of Steel, h 
transferred to the new 
office as Detroit editor 








Albert Easton White, pa 
dent @, director, Depart 


Engineering Research, | 








of Michigan, has been n 






for president of the A 
Society for Testing Mate: 






Richard Laurence Templin 


PB 







chief engineer of tests, Al 
Co. of America, and H. C. Mougey 
©. assistant technical 


and chief chemist, Resear 






oratories, General Motors 
Detroit, have been nomi 
the Executive Committe: 
American Society fo 
Materials. 





R. R. LaPelle @ has severed 


connection with the Salem Eng 






















neering Co. and joined the stafl 
the Philadelphia Drying Mach 
ery Co. 


Robert Lillie @ is a 
metallurgist at Carnegie-| 
Steel Corp., Gary Sheet Mill 





Arthur Marmory 6. late o! | 
amount Cab Corp., Hagerst 
Md., has accepted a_ posit 
manager of the Product 
trol Department, Buffalo \\ 
Worthington Pump & Mac! 


Corp. 


Zay Jeffries, past pres is) 
received the honorary deg! 
Doctor of Science ! 
School of Applied Sct 


E. B. Evleth has been e 
vice-president and genera . 
ager of The Brown |! 

Co., Philadelphia. Charies Be 
Saunders ©. former reg 
manager, has been p 
succeed Mr. Evleth a . 
vice-president in cha 
Midwest Region to! 
neapolis-Honeywell RB 


C. R. Culling &. v¥ 
Carondelet Found 
Louis, Mo., has been 
for a director of the 
Founders’ Society, ! 
vear 1937-38. 


// 








+ MACHINE TOOL CASTINGS. | 


a 


Increase Strength « Reduce Weight + Improve Finish 








Meehanite 


‘MEEHANITE OFFERSe Meehanite [: yuenuy permits redesigning 
Rigidity .. . Greater strength . . . Higher resistance using Minner sections, ana a reduction in 
‘0 impact . . . Excellent damping ‘characteristics eee verdall v nit 

etter endurance against fatigue . . . Higher resili- 

ence Good bearing qualities . . . Maintenance of Meehanite camepenar ’ 
accurate dimensions . . . Good Machinability .. . ical improvements in me par» l ) 
»pecial properties by heat treatment used. 




















Machinery Co 
Rochester, N. ¥ 
St. Louis, Mo 
& Sons Co Bethayres, Pa 
rs Incorporated Cincinnati, Ohio 


Fulten Foundry & Machine Co Cleveland, Ohie 
G.H.R. Foundry Co Dayton, Ohie 
Greenlee Foundry Company Chicago, Ul 
Hamilten Foundry & Machine Co. Hamilton, Ohie 
Kanawha Manufacturing Co Charleston, W. Va 








Milling Machine Co 
Cincinnati. Ohio Kinney Iron Works Les Angeles, Calif 
Corporation Mt. Vernon. Ohio Koehring Company Milwaukee, Wis 
Foundry Co. Portland, Oregon Michigan Valve & Foundry Co Detroit, Mich 
Peoria. ll Rosedale Foundry & Machine Co. Pittsburgh, Pa 
Ross-Meehan Foundries Chattanooga, Tenn 
Co Ansonia. Conn Vulean Foundry Company Oakland, Calif 
ndry & Machine Co Warren Foundry & Pipe Corporation 
pany, Philadelphia Phillipsburg, N. J 
Washington Iron Works Seattle, Washington 
ee —_ ——— —— _ -_ 
(ees 
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PERSONALS 


Carl B. 


appointed zone representative for 


Sunderland has been 


Roots-Connersville Blower Corp 


covering Indiana, Ohio, Michigan, 


I}iinois and Kentucky. J. J. 


Heinrikson will cover western 


Missouri, Kansas, most. of 


Nebraska, and the southwestern 
quarter of lowa. Paul C. Rowe 
will cover northern New Jersey 


Only Chapmanizing 





G. R. Harris and M. H. Banta 
have been transterred from the 
Jones & Laughlin Steel Corp 
Aliquippa Works to the new 


Research and Development Divi- 
sion at Pittsburgh 

A. W. Sikes & has been trans- 
ferred Washington, D. ¢ 
to the Chicago office of the Publi 
Works 


ing Division 


from 


Administration, Engineer- 


GIVES YOU THESE 4 
HEAT-TREATING ADVANTAGES 


Design and productionengineers 
find unexpected opportunities 
for product improvement and 
cost reduction in these character- 
istics of the Chapmanizing proc- 
ess for surface-hardening steels: 
1. Low-cost steels are given the hard- 
ness of costly alloys —up to 1000 
Brinnell. 
2. In \ the time, Chapmanizing gives 
a surface that outwears carburizing 


9 to 1. Machining and grinding 
time is also cut. 


3. Case of any depth from .002” to 
.035', tough yet ductile... won't 
chip, flake, corrode, warp, distort. 


4. No capital investment. Use your 
present set-up . . . install the Chap- 
manizing Unit on a contract basis. 

Send for new illustrated book 

containing complete engineer- 

ing information. 










S 4.f 1020 STEEL CHAPMANUED 7 Has 
CHAP MANITED 


MITRIDING STEEL WITRIDED 70 mas 
witRioege 






eo = i 4 
‘ a a a er 





WEAR Numbers adicate loss of weight m O01 grams per sq. m= 
after 30.008 strokes, metal to metal, dry 




















INDIAN ORCHARD, MASSACHUSETTS 
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John Wilbur @ has be« 
ferred from the New Yo, 
Cleveland office of Elect: 






lurgical Sales Corp 






Paul A. Jennings © | 
transferred to the Meta 
Department of the Natior 
Works 







Co . Ellwood 







Paul E. Timmerman © | 
the John 
a position with the 
Section, | \ 
Newark. N 





Deere Tractor ¢ 





take 





Development 





Products Co., 














F. V. Lenel @ has left Ha 
Metallurgical Co., New \ 

Moraine Products Divis 
Motors 


Ohio, as metallurgist 





jon 


General Corp ba 


W. Frank Detwiler, her 
executive vice-president, has | 
elected president of Alleg! 
Steel Co. 





Charles A. Van Bergen has | 





appointed representativ: 





application specialist for 
neck bearings for General | 


tric Co., Bridgeport, Conn 


John W. White has been el 
vice-president and genera 
ager of Westinghouse Elect 


International Co., New York | 


Collier Elliott, forme: 
H. Macy & Co., Ine., 
the New York office of | 


Frasse & Co., Ine. 


W. Herbert Bretzlaff has ! 
appointed vice-president 
Defiance Pressed St 


Toledo, Ohio. 


H. N. Davis, preside nt, SI 


i 


Institute of Technology 


N. J., has been non 
president of the American 5 

of Mechanical Engine¢ F. 
Hoagland ©, B. M. Brign 
Harte Cooke, W. H. Mcbryae 


L. W. Wallace have 
nated for vice-preside! 
Bausch, S. B. Earle Fr. ! 
Prouty for managers 
E. E. Wright 
appointed to take c! 
Cleveland office of E 
lurgical Sales Corp 








“WL vol HCCEAAG 4 Za WOVIY atioul You! station 
° / f J oe 

1 ye — a4 4amesvie 14 We eady 1G lel Yiu 
where Le get olf. . “ althaugt G reputable 


product did lake me ia the COG4 and back. - 


I N ALL ANALYSES 


MAURATH, INC., CLEVELAN D 


- ¢ BETTER WELDING ELECTRODES 
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HEROULT 
\ATatale 
FURNACES 






















| TSE them for ethcient melting and refining of all kinds 
of ferrous materials by either basic or acid process 


ind luding 


custings 


root, chute 


AMERICAN BRIDGE ( 


“4 
(ta?) 


Na Sy 





tool and forging steels, iron and steel 
Any capacity from ') ton to 100 tons; removable 
machine or hand charging 


LOMPANY 


Creneral OC) tice t 


OMee in the 





Presses 


A.B Specimer 


Grinders 


A.B Specimen 


Polishers 


A.B Specimen 










Popular Polisher 


Features such as direct drive, 
vibrationless interchangeable discs, 
definite speeds 575 and 1150 R.P.M.. 
made this the most popular polisher 
now in use from coast to coast. 





OPTICAL INSTRUMENTS « METALLURGICAL APPARATUS 
228 NORTH LA SALLE ST.** CHICAGO ILL. 
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FLAME 





Continued from page 68 


which expands in diameter shortly after 


the tip. In the sketch, diameter D, is 1 
0.059 in.), D. is either 2.5, 3.0. or 3. mm 
0.118 or 0.188 in.) and angle a is 7°, 8°, 9 

The aim of the investigation was to j 
the cutting speed and thus reduce the 
improving the flow of cutting oxygen throug 
nozzle 

This special design produces an oxyg 


Which emanates from the 
stream, without sudden loss of energy by expa 
from the nozzle pressure to the atmospheri 
sure; this jet theretore retains its form 
considerable length of path. A prime ady 
over the older type of nozzle lies in the fact t! 
favorable properties of this jet are not el 
even by very high gas pressures 

With the use of the new nozzle the con 
of critical speed or limiting speed, which i 
tically the highest speed possible in ind 
applications, loses its former significance.  ( 
speeds of 20 in. per min. on I-in. plate ar 
by Dr. Zobel, in comparison with 9 in. per 
an average for three commercial nozzles. §S 
of 14 in. per min. on 4°%,-in. plate and 7 
min. on 8-in. plate also are far greater than 
averages (oO and 3'.2 in. per min. respectively 

Pressures required to attain this upp 
of cutting speed are 90 psi, 265 psi. and 
respectively Higher pressures do not afl 
quality of the cut but only affect the cost 


the ordinary nozzles, even with a high 


ture of oxygen, the above quoted speeds att 
by the new nozzle cannot be reached 

A good cut with clean, smooth surta 
dependent on the penetration of the cult 
With the 


oxygen jet provided by the new nozzle 


in a truly perpendicular line 
cut may be made at high speed without 

An expanding 
the c¢! 


troughs of whose waves are parallel to the 


the quality of the surface 
jet will cause a wavy surtace, 
face of the plate, and this is due to the ! 
of expanding gas streams from side to s 
Thus the 


form ol 


channel or kerf as it is formed. 
the cut groove depends on the 
cutting oxygen. Only the parallel streai 
requirements for a smooth cut surtac 
low cost, since it provides the highest 
flow for the smallest diameter of the Jet 
A practical result of this work is tl 
being cut with modern precision at one-! 
thirds the cost of cuts made by older 
Hans Du 


Page 


nozzle as a pa 


CUTTIN 


‘ 
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RUGGEDNESS 










CASE-HARDENING WITH DU PONT CYANIDES 
PROVIDES CARBON FOR HARDNESS—NITROGEN 
FOR WEAR-RESISTANCE 


TRACTOR has to be rugged lo Cyanide hardening the econon 
A stand up under sudden, heavy cal and efficient method for obtaining 
impacts, slush, abrasive grit and ex extreme wear resistance and surface 
; ; posure to a wide range of tempera hardness with minimum distortior 
R. & H. CYANIDES ture its parts must have extreme plain carbon, oil-hardening alloy and 
resistance to wear and abrasion carburized steel] The bath nor 
EGG" The life of moving parts in auto mnantebaanis There is no scal rhe 


ruaranteed content of du Pont Cys 
motive and other equipment can be . rum Ae 





increased by heat-treating with du nides pern we the preparation of mol 

Pont Cyanides. Jn one operation, the ten baths of definite strength, neces 

nitrogen needed for maximum weat sary to proper control 

resistance and the carbon for hard Our Technical Service Staff w 

ness are introduced from the molten gladly cooperate with you in the sele 
Cyanide bath into the steel surface tion and use of the proper du Pont 

Distortion is kept to a minimum and Cyanide to meet your individual shoy 






no finishing operations are required. conditions 









SEND FOR INFORMATIVE LITERATURE 





The R. & H. Chemicals Department 
E.I. DU PONT DE NEMOURS & COMPANY, INC. 


Wilmington, Delaware 


t Sales Offices: Baltimore, Boston, Charlotte, Chicago, Cleveland, Kansas City, 
Newark, New York, Philadelphia, Pittsburgh, San Francisco 
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Brazing thin 
copper tub 
ingtobhronse 

wi headerswith 

SIL-FOS in 

the con 

struction of 

WeCord 

Radiator & 

Wie lo 

tnt - Heat 


ers 





ieiiaaaed 
tbidddaad 
uddaaay 


Sts aaagi 





gives 


life-time strength 


to heating elements 
in untt heaters... 





The heating element is the very heart of a unit 
heater. The joints between the tubing and headers 
or return bends used in constructing them must 
be permanently tight To assure this, and the 
trouble-free operation which results, MeCord and 
other well known makers use SIL-FOS because 


@ SIL-FOS gives high joint strength 
or higher than the metal joined. 


as high 


@ Ductile SIL-FOS joiats stand up reliably un- 
der wide temperature changes and constant 
vibration 


@SIL-FOS, free-flowing at the low temper- 
ature 1300° F. makes sound joints with- 
out damaging the physical qualities of 
metals. 

@ SIL-FOS assures economy a small quan- 


tity does a perfect job . . . the tow brazing 
temperature saves time, gases and speeds up 
production. 


TRY SIL-FOS 
on your non-ferrous work 


Use it with our low temperature Handy Flux. To- 


gether they work equally well oa thin or heavy 


gauges, on production or special work Write us 
I 


for full details and Bulletin 57--VL.P 


HANDY AND HARMAN 


82 Fulton St., New York 


PROVIDENCE. R. 1 TORONTO, CANADA 


BRIOGEPORT 


CONN 
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SOLDER FLUX 














) 





(Continued from page 352 





were made, and it was found that a prepara 






consisting approximately of the monobas 






best results. For cor 


=_ 


phosphate gave the 






ence it was found desirable to embody) 







phosphate in a paste, by intimately mixing 






powdered phosphate with an approximately 









ethylene glycol, and on this 
No. 400,609 


Superior results were evident in comparatiy 


equal weight of 






British patent has been issued 







exposure tests of soldered joints (not cleaned of 
Soldering 


austenith 






flux residue) of six months’ duration. 






was easy on brasses, mild steel and 






without 














and corrosion resisting steel, special 
preliminary surface treatment other tha 
removal of heat treatment scale. This was 
done with flux made of 51 cc. commercial 
aniline, 34 ce. phosphoric acid (sp. gr. 1.75) 
and 40 cc. commercial ethylene glycol. 

The results obtained indicate that the usef 


properties of phosphoric acid as a flux for soft 


soldering may be obtained in a_ substantia 


degree without the various disadvantages by 
using it in more or less complete combinatiot 
with volatile organic bases, aniline in particular, 


When such flux 


operations 


and in a convenient vehicle. 


are heated in soft soldering 
organic phosphates undergo partial decompos 
tion. It is evident that the hot phosphoric acid 
thus liberated can exert satisfactory etching ot 
cleaning effect on the material being soldered, 
provided the latter is initially free from heavy) 
films of oxide or foreign matter, and so far as 
of the 


concerned. 


many common metals and alloys a! 


Results of corrosion tests suggest that U 


small amount of phosphoric acid an 


organic phosphate remaining in flux res 
are free from object 


on soldered work 


} 


corrosive effects on long standing l 


with the metals and alloys investigated 

ments with phosphoric acid alone indi 
residues of the acid cause the forma 
protective films on the materials examu 


it would appear that similar films are p! 


in samples soldered with fluxes ¢ 


organic phosphates as the active consti 


In addition to the advantages ol 


from corrosive effect of residues, the pl 


fluxes are more effective than fluxes c 


zine chloride in soft-soldering many 


tvpes of material, such as corrosion | 


steels, aluminum bronze, zine and cad! 


Page i 








Interesting view of carburizing boxes 
made of Denscast ‘‘Chromax’’ 

nickel-chromium-iron-alloy suitable 
for operation at temperatures up to 
1900° F resisting corrosion, heat 
and oxidation made by Driver- 
Harris Company, Harrison, New Jersey 








POSITIVE DISPLACEMENT AND CENTRIFUGAL 


oe OR A =e 


FOR BOOSTING GAS PRESSURES AND 
SUPPLYING AIR FOR COMBUSTION 
IN HEAT TREATING FURNACES 


ROOTS-CONNERSVILLE BLOWER CORP. — CONNERSVILLE, IND. 
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LET MAHR OFFER 
“PRACTICAL 
SOLUTIONS” 


THIS BOOK TELLS YOU OF 
SPECIAL JOBS HANDLED 
WITH MAHR STANDARD 
FURNACES...SEND COUPON 
BELOW FOR YOUR COPY 


@ Better metal heating for less ex- 
penditure...is often possible thru 
the use of Mahr Standard Furnaces. 
Years of special furnance building 
have resulted in engineering ex- 
perience and manufacturing prac- 
tice which make possible these 
Standard Units for work that might 
otherwise call for special design. 


MAHR MANUFACTURING COMPANY 


DIVISION OF DIAMOND IRON WORKS, INC. 
MINNEAPOLIS, MINNESOTA, U.S.A. 


Gentlemen: 

Kindly send us (without any obligation) your descriptive 
catalog on ‘‘Mahr Standard Furnaces for Special Require- 
ments.’’ Yours truly 


BY 


POSITION 
MAHR MANUFACTURING COMPANY 


Division of Diamond Iron Works, Inc. 


MINNEAPOLIS, MINNESOTA, U.S.A. 


CRYSTALLOGRAPHY 


(Continued from page 41) interphase in which 
the molecular groups are formed, inside which 
the geometric configuration is already close to 
that of the solid lattice. The boundaries of 
these groups may cause discontinuities in the 
solid crystal. Furthermore, these boundaries 
form an internal surface of definite area in the 
large solid crystal.” 

P. P. Ewald and M. Renninger studied th 
mosaic texture of rock salt by X-ray diffraction 
and found that within the same crystal, th: 
“block” boundary characteristics vary accord- 
ing to the physical property under investigation, 
This has been confirmed by my own work and 
the abstract of Mr. Northcott’s article. 

I believe that the network of the veining 
boundaries is not related to the slip planes of 
the blocks. In other words, the internal surfac 
of the veining network is independent of th 
internal surface created by slight or larg 
plastic deformations. H. Pulsifer has demon- 
strated that the “block-like” characteristics of 
the grains persist even after the most drast 
cold working, and this demonstration is a most 
useful contribution to the imperfection theory 

Internal surface can also be created during 
heat treatment of metals, and the displacements 
are “block-like” in character. Nusbaum and 
the writer proved this experimentally in 195! 

The X-ray diffraction method is one which 
can be used to advantage in studies of this kind. 
The Laue spots are slightly diffused or broad- 
ened when the grains are veined; this, ther 
fore, is a sensitive method for detection of block 
structure where the “block” displacement 
between adjacent “blocks” is small. 

Many investigators feel that new exper 
mental methods must be devised before turthe! 
progress can be made in this field. W! 
denying this, it is my opinion that the 


useful tools and methods now known to 
not been exhausted. Consider only thi 
method: it offers unlimited possibilit! 
vided we interpret correctly certain difire 
phenomena. This was discussed in m) 
last October, for the @ Convention (: 
tions, December, 1936). Some chara 
may be influenced by “block displa: 
others by “fibrous textures.” In turn t 
fundamentally related to the change ! per 
ties of cold-worked metals when heate: 


(below recrystallization temperatures). 


! hth 
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